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RESPONSES TO EPA COMhlENTS 
881 HILLSIDE RI REPORT 

DATED 3/1/88 

SPECIFIC COMMENTS 

SECTION 1.0: EXECUTIVE SUMMARY 

Section 1.0. Comment I 

The statement is made  that no evidence of Solid Waste Management Unit (SCVMU) 104 was 
found in review o f  historical photos or in the field investigations. Tile soil gas survey f o r  
tetrachloroethene proved positive for an area north of SWMU 130 and east o f  Birilding 881. 
SIVMU 104 is indicated in the Rocky Flats RCRA Post-Closure Care permit application and 
in Appendix I ,  3004fti) Waste Management Units, as being north of borehole BH7-87 and 
rvilhiti 100 feet. The PCE soil gas positive results were within this distance. hro boreholes 
were drilled in this area and iio wells are present to characterize contaniiriatiori at this 
location. DOE and Rockwell must de  fine plans for further characterizatioti o f  this area to 
ensure that the proposed remediation will address contaminants associated with this SWMU. 

Resoonse to Section 1.0. Comment 1 

The tetrachloroethene (PCE) soil gas counts north of SWMU 130 are  on the order of 
200 to 800 ions collected over a period of 21 days (i.e., 10 to 40 ions per day). These 
are considered insignificant and unreliable. A complete discussion o f  the soil gas 
survey Quality Assurance (QA) samples and the resulting reliability of soil gas data is 
presented in the response to Section 4.0 Comment 14. 

' 

Section 1.0, Comment 2 

Even though SWMU 177 will eventually be closed under interim status, it cannot be 
excluded f rom investigation. This unit should be evaluated iii, coiitext with 581 Hillside. 

Resoonse to Section 1.0. Comment 2 9 

? Potential groundwater impacts of SWMU 177 are being evaluated by  the remedial 
investigation. Surficial  soils in the vicinity of SWMU 177 (Building 885, Drum Storage 
Area) are being characterized as part  of closure activities. All results available a t  the 
time of the f inal  RI report preparation will be included. 

4- 

Section 1.0. Commeirt 3 

The postulation o f  natural causes for the elevated levels of TDS, nickel. selenium. strontium 
and uranium is unsubstantiated and is not pertinent. The denial of bedrock ground water 
quality impact is not substantiated b y  the data. The bedrock well west o f  the plant that 
was logged, 54-86, is completed in the Laramie formation. Wells 46-86 arid 52-86 do not 
show borehole logs, so that the formation of completion for these wells is in doubt, but is -0 
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also likely to be the Laraniie. The bedrock wells at the 881 Hillside are completed in the 
Arapahoe formation. When compared to the average levels found in backgroiind wells 52- 
86 and 54-86, the detection of Sr89,90 in bedrock wells 62-86, 59-86. S-87. 5 4 7  aiid 3-87 
in coiijiinctiort with the levels of U238.234 detected in the bedrock wells o f  the 8 S I  Hillside. 
ntay indicate radioactive contamination o f  the bedrock. 

ResDonse to Section 1.0. Comment 3 

@ 

. 

Responses to comments on Section 5.0, including Responses 12, 13, 14, 23, 24, 29, 32, 
and 35, address issues regarding the extent and  origin of elevated mctals and major 
ions. Section 5.0 Responses 21 and 27 specifically discuss bcdrock groundwater 
quality. 

Section 5.0 Response 17 discusses the well logs of 46-86, 52-86, and 54-86 and  the 
question of Laramie versus Arapahoe Formation completions. 

Section 5.0 Responses 15, 16, 18, 19, 25, 26, 30, and 33 cover analytical and 
interpretative issues related to radionuclides. 

The discussion o f  natural  causes for  some elevated constituents may yet be pertinent. 
Although natural  variation is not solely responsible for  elevated constituents; i t  seems 
unwise to a t t r ibute  all elevated constituents to 881 Hillside contamination when 
natural  variability of total dissolved solids (TDS), nickel, selenium, strontium, and 
uranium is known to be high for  the regional sedimentary rock types. Additional 
background characterization studies will be conducted at  Rocky Flats Plant in 1989 to 
eliminate these ambiguities. The questions regarding variability of trace elements and 
TDS are  pertinent to the degree that they influence criteria for designing and  
monitoring remediation measures. 

Section 1.0, Comment 4 

The relative elevation o f  TDS for  bedrock wells 5-87, 59-86 and 8-87 when compared to the 
wells west o f  the plant and to wells 62-86, 45-87 and 3-87 niay indicate bedrock 
groundwater impacts. 

ResDonse to Section 1.0. Comment 4 

Refer to Section 1.0 Response 3 above. 
bedrock well 59-86. 

T 

Inorganic contamination i s  conceivable for  
I Section 5.0 Response 23 provides further discussion on this issue. 

d- 

Section 1.0, Comment 5 

The detection o f  I,2-DCA in bedrock well 5-87 and the detection of niethylene chloride, 
acetone, chloroform and toluene in bedrock wells 45-87, 5-87. 59-86. 3-87 niay be an 
indication o f  bedrock groundwater impact. 

ResDonse to Section 1.0. Comment 5 

Refer to Section 5.0 Responses 20 and  27 for  regarding assessment of bedrock ground- 
water quality a n d  related evaluation of laboratory contamination. Attachment E e 
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contains all ground-water sampling analytical results and associated laboratory blank 
data for  volatile a n d  semi-volatile analyses, respectively. 

Section 1.0. Commeiir 6 

The detection of elevated nickel, seleniunt, strontium. sodium, calcium arid magnesium in 
the bedrock wells associated with the 881 Hillside may  indicate impact to rhe bedrock 
groundwater at the hillside. 

Resuonse to Section 1.0. Comment 6 

Refer to Section 1.0 Response 3 above and Section 5.0 Response 23. 

Section 1.0. Comment 7 

The determination o f  bedrock contamination utilizing the data presented it1 the remedial 
investigation is speculation and presently not jmt i  f ied or defensible arid should not be 
denied in the executive summary o f  the remedial investigation. 

Resuonse to Section 1.0. Comment 7 

Refer to Section 1.0 Responses 3 through 6 above. 

Section 1.0, Comment 8 

Volatile organics were detected in low concentrations in the Woniari Creek drainage 
downstream o f  881 Hillside. The conclusion that there is no surface water contamination 
associated with the 881 Hillside is uiisubstantiated b y  data. The implications associated 
with the quality o f  the laboratory data do not allow definitive staremerits concerning 
sur face  water conlamination to be made. 

Resuonse to Section 1.0. Comment 8 

- Responses to Section 6.0 comments address the issues related to surface water quality 
a t  the 881 Hillside. Section 6.0 Responses 7 and  8 and Section 2.0 Response 1 
specifically discuss volatile organics in surface water. Attachment F contains all 

t surface water sampling analytical results and  associated laboratory blank data for  
volatile and semi-volatile analyses, respectively. 4= 
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Section 1.0. Coninteirt 9 

The inability of  the present data to support statenwilts coiiceriiiiig the qirality of the 
surface water ntay invalidate the deterniinatioii of  potential pirblic health inipacts 
associated with the 881 Hillside. . 
ResDonse to Section 1.0. Comment 9 

Several of the Section 6.0 responses address the evaluation of surface water quality. 
Specifically, Section 6.0 Responses 5 and 7 suggest that because the South Interceptor 
Ditch drains into Ponds C-2, and  Pond C-2 discharge is monitored in accordance with 
the Plant NPDES permit, there a re  insignificant public health impacts associated with 
surface water flow from the 881 Hillside. 
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SECTION 2.0: INTRODUCTION 

Section 2.0, Comment I 

Although analysis o f  samples from alluvial wells 64-86 and 65-86 have not indicated 
detection of  volatile organic constituents, well 64-86 analysis was limited to nine 
constituents excluding some of  the more mobile constitiients which have heen joiind at the 
hillside. Well 65-86 analysis for the volatile hazardous substance list was limited to two 
samples. Volatile organics have been detected in sur face water samples o f  Woniaii Creek. 

Resuonse to Section 2.0. Comment 1 

The  updated compilation of volatile organic results for wells 64-86 and 65-86, together 
with quality assurance/quality control (QA/QC) samples is presented in Attachment E. 
There are now f ive  samples analyzed from 64-86 and six f rom 65-86. The only 
detectable volatile organic analyte was eight micrograms per liter (ug/l) methylene 
chloride in well 65-86. Because a blank was not run  with this sample, the methylene 
chloride detection cannot be proven a laboratory contaminant. However, i t  was not 
detected in previous or subsequent samples, and i t  is a common laboratory 
contaminant. Therefore, this single detection of methylene chloride is considered the 
result of laboratory contamination. 

Volatile organics were only detected in surface water samples of Woman Creek during 
the November 87 sampling (see Table below). Every surface water sample collected 
between 11/10/87 and  11/17/87, whether collected in the South Interceptor Ditch or in 
Woman Creek, contained detectable concentrations of volatile organics. Although 
blank samples were not collected and  analyzed on these dates, laboratory art ifact  is 

' 

VOLATILE ORGANIC CONCENTRATIONS (ug/l) IN THE SURFACE WATER OF WOMAN CREEK, 
THE SOUTH INTERCEPTOR DITCH AND THE 881 HILLSIDE 

DURING 11/87 

Woman Methylene Carbon Trichloro- Tetrachloro- 
Creek Ch loride Tetrachloride ethene Toluene ethene 

? 

r' 

SU41 
SW32 
SU29 

SID 
sa5 
s a0  

- 

881 HS 
sw45 

- - -  
1 
2 

21 6 
20 6 
19 7 

18 6 
21 7 

a 
26 
42 

21 6 a1 12 1 62 

Below the detection limit 
Detected at 14 ug/l on 05/26/87 
Detected at 128 ug/t on 05/26/87 
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implied by these data  for  two reasons. First the values are remarkably similar for  all 
samples. Second, when surface water samples were collected a t  these same sites on 
different  dates, no volatile organics were detected. The exception to this observation 
occurred at  SW-45 (Building 881 footing drain discharge) and SW-42. At SW-45 
trichloroethene (TCE) and PCE were detected on 05/26/88 (14 ug/l and 128 ug/l, 
respectively). However, this station is a confirmed contamination source. SW-42, the 
furthest  upgradient station on Woman Creek, showed acetone on 08/07/86 (14 ug/l), 
which probably results from laboratory contamination because the laboratory blank 
contained 57 ug/l of acetone. Besides the detectable organics discussed above, there 
have been no detections of volatile organics in Woman Creek surface water. 

Based on these observations, the surface water of Woman Creek downgradient of the 
881 Hillside is not organically contaminated. More surface water samples will be 
collected and analyzed along with blank samples to clarify the conditions. (See also 
Section 6.0 Response 7). 

Section 2.0, Comment 2 

Analysis for wells 64-86 and 65-86 have indicated the presence of  Sr89.90 which are not 
naturally occurring radioisotopes. These strontitint isotopes are also detected in die alluvial 
wells located on 881 Hillside. Does this indicate that contaminants present at the Hillside 
have migrated as far  as Woman Creek? 

Resuonse to Section 2.0, Comment 2 

While strontium 89,90 are not naturally occurring isotopes, they are present in the 
general environment due to worldwide fallout f rom atmospheric weapons testing in 
the 1950s and 1960s. The detected strontium concentrations most likely result from 
fallout because the concentrations are fa i r ly  uniform over the entire Plant, and 
because strontium 89,90 has not been used a t  the Plant. For example, strontium 89,90 
was detected in  background well 55-86 a t  3.3 picocuries per liter (pCi/l). It was also 
detected in wells on Plant site (44-86, 3.4 pCi/l), wells east of the Plant (39-86, 1.4 
pCi/l), and at  t h e  Present Landfil l  (8-86, 1.3 pCi/l). Additional background data will 
be provided in t h e  f inal  RI report, and the response to Section 5.0 Comment 4 presents 
additional data  on the rate and  extent of contaminant migration from the 881 Hillside 
Area. 

1 Section 2.0. Comment 3 
I 

Elevated uranium and strontium concentrations and volatile organics (TCE) have been 
detected in the south interceptor ditch. This ditch is an integral part o f  the Woman Creek 
drainage as it eventually directs drainage back into Woman Creek. The interceptor ditch 
actually may be diverting contaminants around alluvial wells 64-86 and 65-86. Further 
investigation should be conducted prior to denying contarnination of Woman Creek. 

Resuonse to Section 2.0. Comment 3 

It  is agreed that  the South Interceptor Ditch is an  integral part of the Woman Creek 
drainage. However, the ditch discharges to Pond C-2, and discharges from Pond C-2 
are  monitored in  accordance with the Plant’s NPDES permit. 1986 sampling results 0 
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f r o m  Pond C-2 d o  not  show elevated concentrations of u ran ium o r  volatile organics 
(see Section 6.0 responses f o r  more surface water  discussion). T h e  relationship between 
water  in  the South  Interceptor  Ditch and alluvial g roundwater  will be investigated as 
par t  of the 903 Pad ,  Mound, a n d  East  Trenches Areas Phase I1 Remedia l  Investigation. 

0 
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SECTION 4.0: WASTE SOURCES CHARACTERIZATION 

Section 4.0. Commeiit I 

A n  accurate determination of background levels is crucial to def ining the extent and nature 
o f  contamination. augments establishment of ARARs and cleaniip lesels and psorides the 
basis f o r  the risk assessment. I f  a one-time sampling is not considesed a complete 
characterization o f  background alluvial and bedrock materials. then the R I should 
determine what is  necessary to completely characterize the backgroiind conditions and 
j u s t i f y  decisions in  the FS. 

. _. Response to Section 4.0. Comment 1 

The purpose of the  R I  is to adequately determine the extent of contamination, and an 
accurate determination of background conditions is crucial to defining the nature and  
extent of contamination. The original plan for  soil characterization assumed that an  
adequate characterization of background soil chemistry could be obtained from 
borings immediately up-ground-water gradient from the SWMUs and f rom the 
preponderance o f  non-impacted data. This did not turn out to be the case, largely 
because of widespread bis(2-ethylhexy1)phthlate detections. Therefore, the RI team 
turned to soil sampling data collected for a n  entirely different purpose from an  area 
west of the Plant. The limitations of this approach were recognized with the 
following statement in the R I  report. "A one-time sampling of  a plot in the west 
buffer  zone is not considered a complete characterization of backgournd alluvial and 
bedrock materials; however, i t  serves as a basis for  assessing potential contamination" 
(Rockwell International, 1988a). 

0 

A complete characterization of background soil chemistry at  Rocky Flats Plant is 
currently being planned and will be implemented during the winter of 1988. Two 
major soil groups have been identified in the R I  and RCRA closure areas a t  Rocky 
Flats Plant. T h e  first  group is the Flatiron Soil which has developed on the Rocky 
Fiats Alluvium, a n d  the second group consists of Hillside Soils which are present on 
the hillside slopes below the Rocky Flats Alluvium. Development of background soil 
chemistry therefore requires sampling of both soil types. In addition to surficial soils, 
Arapahoe Formation claystone and sandstone bedrock geochemistry will be 
characterized f o r  comparison to investigative samples. 

A preliminary risk assessment based on exposure to metals in soils of the 881 Hillside 
indicates the cumulative risk and, in many cases, the risk posed by an  individual 
metal to be unacceptable. I t  is therefore necessary to determine background 
concentrations i n  order to evaluate the incremental risk posed by "contaminant" metals. 
This will allow determination of the need for  a n  Operable Unit  to address soil 
contamination. T h e  plan for  background characterization will be available for  
regulatory agency review in early 1989. 

T 

I 

J 
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Section 4.0, Comment 2 
0 

Comparison o f  analytical results from soil samples composited over depths greater than the 
I foot interval used for the background sampling is dzibioirs. The comparison of 331 
Hillside bedrock soil samples to the siirface soil samples collected west o f  the west spray 
field is inappropriate. Given the potential of wind dispersal o f  radioniiclides previoiisly 
released to the environment as a result of past waste management practices at the facility, 
the establishment o f  accurate background levels in soils for radionuclides is o f  particular 
concern. 

Resuonse to Section 4.0, Comment 2 

As discussed in the response to Section 4.0 Comment 1, a plan for acquisition of 
background soil chemistry data is currently being developed. This background plan 
will include procedures for determining background levels of  radionuclides in soils a t  
Rocky Flats Plant. 

Section 4.0. Comment 3 

A SWMU by SWMU analysis of soil characterization with respect to metals and 
radionuclides is missing from the RI. 

Resuonse to Section 4.0. Comment 3 

Metal and radionuclide concentrations in soils were not discussed on a SWMU by 
SWMU basis, because "examination of all soil data indicates trace metals are not 
contaminants on the 881 Hillside, and there is only one sample with apparent 
plutonium contamination" (Rockwell International, 1988a). As no contamination was 
identified based on  the estimation of background chemical conditions at  that time, no 
SWMU by SWMU analysis was justified. Conclusions regarding metal and radionuclide 
contamination of soils a t  the 881 Hillside Area will be reevaluated based on the 
characterization of background soil chemistry (discussed in Response to Section 4, 
Comment 1). 

Section 4.0, Comment 4 

Because the metals found to be elevated with respect to background soils are not known to 
be components o f  past waste disposal activities does not provide a reason for concluding 
that metal concentrations are of little environmental significance. The signi ficance o f  
presenting the soil samples where the metal concentration is in excess o f  three times 

I 

J 

. background is unclear. 

ResDonse to Section 4.0, Comment 4 

Elevated metals i n  soils which a re  not known components of wastes disposed a t  the 
881 Hillside Area may be of environmental significance. Metals concentration 
exceeding three times apparent background were used to facil i tate the determination 
of those metals tha t  may truly be above background of the data. Some metals (namely 0 
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aluminum, copper, iron, magnesium, and zinc) exceeded background concentrations in  
numerous samples, and  calcium concentrations exceeded background concentrations in 
all investigative soil samples. Considering the lack of adequate background data, some 
interpretation was required as to the level of metals concentrations which would be 
considered elevated. Three times the upper limit of background was chosen because i t  
was felt  that  natural  variations in soil chemistry would be within these'limits. 

0 

Section 4.0. Comment 5 

The alluvial groundwater data indicates that past disposal practices at 881 Hillside may in 
fact affect the metal concentrations in the groundwater. Metals which are ?iattirally 
present in the soils may become elevated in the groundwater due to changes in the 
groundwater chemistry of the hillside as a result of the past waste disposal practices. 
Since alluvial wells 61-86 and 68-86 are very close to the background ranges presented for 
the alluvial groundwater for all metals. while most of the 881 Hillside dowgradient 
alluvial wells indicate elevated sodium, calcium. strontium and magnesium with occasional 
elevated levels o f  selenium, lithium and nickel, 881 Hillside alluvial grotind water should be 
considered elevated for metals. The environmentaI significance must be determined 
through ARAR analysis and environmental risk assessment. 

Response to Section 4.0. Comment 5 

The Draft  R I  does indicate that downgradient 881 Hillside wells exhibit elevated 
uranium, selenium, nickel, strontium, and major ions in alluvial groundwater. 
Response to Section 5.0 Comment 24 also documents instances of elevated aluminum, 
lithium, and zinc. The environmental significance of these observations will be 
addressed through ARAR analysis and risk assessment. 

Changes in groundwater chemistry can mobilize naturally-occurring metals f rom host 
rock. The circumneutral  pH values for both up- and downgradient 881 Hillside 
alluvial wells (Table 1) suggest that most metals would not be very mobile, but 
elements which f o r m  anionic complexes (e.g. selenium) could migrate. 

' 
Additional characterization of sources and pathways of metals in the alluvial wells 
may not be necessary if the ARAR evaluation, risk assessment, and/or remediation 
measures required for  other reasons eliminate this issue. 

I Section 4.0. Contment 6 
r' 

I f  the same logic is applied to  the background measurements for radionuclides as is being 
applied to the analytical results for the samples analyzed in the RI, then the background 
concentration for  plutonium and tritium should be 0.0 pCi/gnt (or pCi/nil) as the error 
terms for these isotopes are greater than the measured value. 

Resuonse to Section 4.0. Comment 6 

The  background concentrations for  plutonium and tri t ium cannot be 0.0 picocuries per 
gram (pCi/gm). These radionuclides have been deposited as fallout from atmospheric 
weapons testing. What is indicated by the large error terms is that the minimum 
detectable activity (MDA) for  the analysis was not low enough to detect environmental 0 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE RI REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE 10 



(fallout) levels of these radionuclides. A background sampling program is currently 
underway (See response to Section 4.0, Comment 1 )  to determine background levels of 
these parameters. T h e  following minimum detectable activities (MDAs) will be used in 
future  analysis. 

0 

Analvsis 

Am-24 1 
Tri t ium 

Pu-239 
MD A( DC i /am) 

0.03 
0.02 
400 (pCi/ml) 

The MDAs for  plutonium and americium are  low enough to accurately quantify 
environmental levels o f  these radionuclides. Background tri t ium concentrations are 
less than 50 pCi/l. An enrichment process using electrolysis is the only method 
capable of detecting these low levels. N o  local laboratories are  set-up to implement 
this methodology a n d  very few laboratories in the country are  currently using it. The 
detection limit shown above is a t  or below the limits used by regulatory agencies for  
tritium monitoring. I t  is noted that tritium is considerably less toxic than plutonium. 
The SWDA Maximum Contaminant Level is 20,000 pCi/l. 

Section 4.0. Comment 7 

When considering data where the measured value minus the error term is less than the 
background range plus the associated error term, it is unclear whether this has been 
considered to be elevated or within the range o f  background for determination o f  
radioactive contamination. 

Resuonse to Section 4.0. Comment 7 

Data in this category were considered background. However, fur ther  sampling and 
analysis is required for  a more accurate determination. Having a lower MDA of the 
analysis will a id  i n  determining if contamination exists a t  the sample sites. 

Section 4.0, Comment 8 

5 

There should be data for soil background for Sr89.90, Cs137 and U235. There should be 
analyses for U235 f o r  all o f  the borehole soil samples. The exclusion o f  U235 from the 
analyses makes the subjective denial o f  uranium contamination presented in the RI 
dubious. To compound the uranium contamination determination with the inclusion o f  a 
factor o f  two times the 95% confidence interval for the background concentrations is 
completely subjective. From the data presented in the RI, it cannot be concluded that there 
is "no likely" uranium contamination. Contrarily, it would appear that when analyzed in 
con junction with the groundwater data, there are elevated uranium levels associated with 

. 
r' 
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the 881 Hillside. 
then no conclusions should be drawn and further investigation is warranted. 

if background coilcentrations for uranium are not well characterized, 

ResDonse to Section 4.0. Comment 8 

Background soils should have been analyzed for  strontium 89,90, cc'siuni 137, and 
uranium 235 i f  these radionuclides were analytes for the site samples. The 
background characterization plan calls for  analysis of these isotopes i n  soil samples. 

The exclusion of uranium 235 from the analyses does not affect  the determination of 
uranium contamination. Uranium 235 activity represents approximately two percent 
of the total alpha activity of natural  uranium. The abundance of the various isotopes 
in natural uranium can be obtained from the Radiological Health Handbook 
published by the U. S. Department of Health, Education, and Welfare (1970). For 
depleted uranium, the percent of the total activity due to uranium 235 is 
approximately a n  order of magnitude less. From the Final Environmental Impact 
Statement (April 1980) the activity ratios for  Rocky Flats depleted uranium are  listed 
on page 2-172. T h e  percentages of abundance and  activity for natural  and Rocky Flats 
depleted uranium are  listed below. In enriched uranium, uranium 235 is about 10% of 
the uranium 234 alpha activity and  virtually no uranium 238 would be present 
(-0.03%). Therefore, uranium 235 analytical data are 'not required to determine the 
presence of uranium. In cases where the uranium 234 and uranium 238 concentration 
is near the detection limit, uranium 235 activity would be well below the detection 
limit. 

ABUNDANCE YO Yo OF TOTAL ACTIVITY 
SPECIFIC 

@ URANIUM ACTIVITY RFP RFP 
ISOTOPE Ci/n NATURAL DEPLETED NATURAL DEPLETED 

238 3 . 3 3 ~  lo-' 99.3 99.7 46.5 71.2 
23 5 2.1 x 10'6 0.72 0.3 2.1 1.4 
234 6 . 3 7 ~ 1 0 - ~  0.0057 0.002 51.4 27.3 

It appears there is some confusion as to the use o f  the counting error. The counting 
error represents a n  estimate of two standard deviations of estimated mean of the 
sample analysis. This means that there is a 95% chance the mean is within these 
limits. To assure the measured value is greater than the background value, the error 

- 
of the measured value is subtracted from-the value to establish-the low1 
distribution. This  is then compared to the upper limit of the backgrour 
If the two do not overlap, there is high confidence the values are not p: 
distribution. This  method is not subjective. The  factor of two times re 

I 
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values. As  discussed in Section 4.0 Response 4, three times the upper limit was chosen, 
because natural variation were expected to be within these limits. 

T h e  new background sampling program and further sampling o f  the hillside 
groundwater using the lower required MDAs should allow better characterization. 

Section 4.0, Comment 9 

What were the average radionuclide concentrations found in the background soil samples? 
The RI does not irrdicate whether the background ranges presented f o r  radioiiiiclides are 
normally distributed or whether there were "outliers" skewing the ranges presented fo r  
background. This information would allow greater insight into the evaluation o f  the 
radionuclide contamination at the 881 Hillside. For example. pltctoniiim arid americium 
ranges presented vary over an order of magnitude. I s  the average closer to the high end o f  
the range or to the low end o f  the range? 

Resoonse to Section 4.0, Comment 9 

The  average radionuclide concentrations (arithmetic mean) found in the background 
soil samples are: 

P~-239,240 0.05 & 0.05 pCi/gm 
Am-24 1 0.02 2 0.08 pCi/gm 
U-23 3,2 34 0.89 k 0.26 pCi/gm 

0 
U-238 
Tri t ium 

0.87 k 0.22 pCi/gm 
161 & 183 pCi/l 

I t  should also be noted that the values for  plutonium and americium were all below 
the detection limit, with the exception of one 0-6" composite sample (0.28 +. 0.16 
pCi/gm) of americium 241 in the Buffer Zone. Using statistical tests, this value 
appears to be a n  outlier, but i t  was included in  calculating the average for  americium 
241. The error term 
reported with the average value is the standard deviation of the population of mean 
values. The mean value is in the middle of the range of background values. The 
range of values determined by the mean value plus or minus the standard deviation 
are  very similar to the background ranges and  in some cases, are a larger range. This 
would indicate tha t  the range of values is a relatively normal distribution. The  data 
used to determine background concentrations of radionuclides in  soil was obtained 
from a sampling program undertaken in the West Buffer Zone in  1986. Soil samples 

r' were collected f rom a surface scrape, 0-6" composite, and 6-12" composite. Sample 
results from all depths were included in a n  effor t  to more closely relate to depths of 
actual samples. T h e  range of values for  plutonium and americium, excluding the one 
outlier value do vary over a n  order of magnitude, but are less than the MDA f o r  the 

The mean value excluding the outlier is 0.009 2 0.02 pCi/gm. 

c 

-? 
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analysis. The values are not significantly different  from one another due to the 
associated error o f  measurement. They may be part  of the same population. 0 
Using data f rom the new background sampling program,normality, outliers, confidence 
limits, mean concentration, and standard deviation will be addressed. 

Section 4.0. Comment 10 

Inspection o f  the soil organic sample data indicates that although methylene chloride 
(MeCl) was at times present at low or estimated concentrations, it was more often detected 
above detection limit and was generally either not found in the blanks or found at levels at 
least an order o f  magnitude above the levels detected in the blanks. Furthermore, a great 
many o f  the samples collected in 1987 are not presented with blank analytical data and 
there is some question as to the existence of analytical data for blanks for these samples. 
The data do not allow a conclusion that MeCl is present solely as laboratory artifact. 

Resoonse to Section 4.0. Comment 10 

Attachment B presents soil sampling results for  volatile organic compounds (VOCs) 
detected in on-site soil samples. Associated quality assurance (QA) sample results, 
were not received from the laboratory in time for  inclusion in the computer database. 
However, these d a t a  were used in interpretation of investigative sample results and 
will be submitted with the final R I  report. 

Methods essentially the same as Standard Contract Laboratory Program (CLP) protocol 
were used in analyzing soil samples. CLP protocols (U.S. €PA, 1988) for  data  
validation have been used as a guide to the interpretation of these data . The 
following procedures were used in qualifying the data. 

1) If a n y  compound was found in a blank but not found in the sample, no 
qualifiers were added to the sample result. If the compound was found 
in  the sample but not in the blank and, the laboratory had assigned a "J" 
qualifier,  that "J" remained with the sample result and was interpreted 
as present below the Contract Required Quantitation Limit (CRQL). 

- 2) Any compound (other than the f ive common laboratory contaminants 
listed below) detected in the sample, which was also detected in any 
associated blank, was qualified when the sample concentration was less 
than  five times the maximum blank concentration. For the five common 
laboratory contaminants: 

a) 
b) Acetone; 
c) Toluene; 
d) 2-Butanone; and  
e) Common Phthalate Esters, 

Met h y 1 en e C h 1 or id e; 

the results were qualified when the sample concentration was less than 
- ten times the maximum blank concentration. 
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Before applying the 5x or lox criterion to the blank contaminant 
concentrations, these concentrations were first  multiplied by  any 
dilution factor used in sample analysis. For volatile organic analysis, 
the sample dilution factor was calculated by dividing the mass of soil 
used f o r  analysis ( in grams) into 5 milliliters (ml) of watcr (the amount 
used for  the lowest level of detection), In order to bring the semi- 
volatile organic sample and method blank results to a common base, the 
ratio of the detection limits for  the sample and the method blank was 
calculated. This detection limit ratio was considered the sample dilution 
factor.  

3) If the sample result was greater than, or equal to, the CRQL, but less 
than  5x (or lox) the blank result; the sample result was qualified to 
indicate that i t  was indetected a t  the reported value (the qualifier "U" 
was assigned). 

If the sample result was less than or equal to the CRQL, and less than 
5x (or lox) the blank result; the sample result was qualified to indicate 
tha t  i t  was undetected a t  the CRQL (the qualifier "U" was assigned). 

If the  sample result was greater than 5x (or lox) the blank result, no 
qual i f ier  was assigned to the result. If the analytical laboratory had 
assigned a "B" qualifier, it was removed. Such results were identified as 
"unqualified" and were interpreted as present in the sample. 

The qualified sample results for  methylene chloride are  presented in Table 2. For the 
90 results, 49 were undetected, 13 were present below the CRQL, and 28 were 
unqualified. T h e  unqualified results are interpreted as present in the sample. The 
highest reported value for  methylene chloride was 590 micrograms per kilogram 
(ug/kg) in borehole BH07-87. 

0 

There are inconsequential carcinogenic and non-carcinogenic risks associated with the 
methylene chloride concentrations in soils a t  the 881 Hillside Area even if  some of the 
concentrations a r e  real and  not the result of laboratory artifact. Superfund uidance 
suggests total carcinogenic risk should be in the range of 1 X to 1 X lO-'for site 
remediation. T h e  risk associated with the maximum concentration of methylene 
chloride (assuming the maximum concentration of 590 ug/kg exists over the entire 881 

T h e  hazard index for  
methylene chloride in soils a t  the 881 Hillside Area is less than 0.01 (Table 3). A 
hazard index in excess of one indicates the potential for  non-carcinogenic risk. 

Hillside Area) is 7.21 X IO", which is an  acceptable risk. 4 

i 
a- 

Section 4.0. Comment I I 

Although acetone was detected in some of the laboratory blanks, the levels detected in the 
blanks were generally much lower than the levels detected in the borehole samples. In 
many samples. the blank levels detected for acetone were more than two orders o f  
magnitude less than the levels found in rhe borehole samples. Again, data fo r  blanks is 
either not presented or nonexistent for  a great many of the more recent borehole samples 
and further confuses the interpretation of this data. Acetone is a constitilent o f  a known 
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contaminant at the 85 1 Hillside. 
acetone as a contaminant f o r  further consideration at the hillside. 

The information presented does not a l l o ~  elimination of 

ResDonse to Section 4.0. Comment 1 1  

Application of €PA guidance (see response to Section 4.0 Comment IO) in assigning 
qualifiers to the acetone results for  soil samples a t  the 881 Hillside Area again 
significantly reduces the number of samples in which acetone is considered present 
(Table 4). Of the 90 results, 60 were undetected and 30 were unqualified. The 
unqualified results are interpreted as present in the sample. T h e  highest reported 
value for acetone was 650 ug/kg in borehole BH4-87. Acetone is non-carcinogenic, thus 
there is no associated carcinogenic risk. The calculated hazard index f o r  the 
maximum concentration of acetone a t  the 881 Hillside Area is less than 0.01 (Table 3). 
If acetone is actually present in soils a t  the 881 Hillside Area, the associated risk is 
inconsequential a n d  acetone can be eliminated from fur ther  consideration as a 
contaminant whose presence necessitates soil remediation. 

Section 4.0, Comment 12 

Although 2-butanone was present at low levels, this compound was only detected in one o f  
the laboratory blanks and was found in the blank at a significantl?? lower level than the 
level found in the borehole sample. 2-Butanone was found at significant levels with no 
detection o f  2-butanone in the corresponding laboratory blank. 2-Biitanone is also a 
common contaminant o f  acetone, so that the acknowledgement of acetone as a likely 
contaminant at the hillside might also be indicative of  contamination by  2-buranone. The 
data do  not support elimination of 2-butanone f rom further consideration as a coittantinant !@ at the hillside. 

ResDonse to Section 4.0. Comment 12 

Application of EPA guidance (see response to comment 10) in assigning qualifiers to 
the 2-butanone results for soil samples a t  the 881 Hillside Area significantly reduces 
the number of samples in which 2-butanone is present (Table 5). Of the 90 results, 84 
were undetected, 1 was present below the CRQL, and 5 were unqualified. The 
unqualified results are  interpreted as present in the sample. The highest reported value 
for  2-butanone was 390 ug/kg in borehole BH9-87. Like acetone, 2-butanone is non- 
carcinogenic a n d  poses no carcinogenic risk. The  calculated hazard index for  2- 
butanone is also less than 0.01 based on the maximum concentration detected in soils 
a t  the 881 Hillside (Table 3). Based on these calculations, even if present, the risk 
associated with 2-butanone in soils a t  the 881 Hillside Area is insignificant, and  i t  is 
excluded from fur ther  consideration as a soil contaminant of concern in the area. 

- 
p 

r' 

Section 4.0, Comment I3  

The detection o f  bis(2-ethylhexy1)phthalate (BEHP)  in borehole samples was, in general, at 
levels at least three times the levels detected in the blanks. BEHP \vas found in many 
borehole samples where no BEHP was detected in the blank above detection limits. The 
acknowledgement o f  BEHP as a component of vacuum pump oil in conjtiitction with the 
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detection o f  BEHP is evidence o f  contamination at the hillside. BEHP cannot be eliminated 
from further consideration as a Contaminant at 881 Hillside. 

ResDonse to Section 4.0. Comment 13 

Attachment B presents soil sample results for  semi-volatile organics a n d  associated QA 
samples. Application of EPA guidance (see response to comment 10) in assigning 
qualifiers to the BEHP results for  soil samples a t  the 881 Hillsidc Area (Table 6) 
significantly reduces the number of samples in which BEHP is considered present. Of 
the 90 results, 44 were undetected, 1 was present below the CRQL, and 57 were 
unqualified. T h e  unqualified results are  interpreted as present in the sample. BEHP 
can however be eliminated from clean-up considerations at  the 881 Hillside based on 
risk assessment calculations. The carcinogenic risk associated with the maximum 
concentration of BEHP at  the 881 Hillside Area (7,214 ug/kg) is 1.62 X which is 
within the allowable risk range for  soil remediation (1 X to 1 X 10-7). The 
hazard index f o r  non-carcinogenic risk is 0.01 which indicates a very low risk 
potential (Table 3). Thus, BEHP can be excluded from further consideration for  soils 
clean-up at  the hillside because of the insignificant risk posed by its presence. 

Section 4.0, Comment 14 

SWMU 102. Trichloroethene was detected in the soil gas in the vicinity o f  SWMU 102 at 
soil gas point 120. in addition to the PCE detected at soil gas poiirt 106. The detected 
levels o f  acetone are present in boreholes BHS-87 and BH6-87 at lerels I O  times the level 
reported for the blank for these samples. The blank sample reported iir the original 881 
Hillside RI detects iro methylene chloride. This data would indicate that both acetone and 
methylene chloride should be considered as contaminants at SWMU 102. The detected level 
o f  BEHP found in the blank was 2 trg/kg for all BH5-87 and BH6-87 samples analyzed. 
The levels o f  BEHP detected in the BHS-87 and BH6-87 samples were close to IO00 ug/kg. 
This data indicates that BEHP is a significant contaminant at the 881 Hillside. 

ResDonse to Section 4.0. Comment 14 

Trichloroethene (TCE) was detected a t  204 ion counts a t  soil gas point 120 near SWMU 
102, and tetrachloroethene (PCE) was detected a t  1,541 counts a t  soil gas point 106. 
Soil gas values less than 1,000 are  not considered reliable based on the following 
discussion. T h e  soil gas contractor (Petrex) recommended that only values of 1,000 
counts or  higher be considered reliable based on Q A  samples. However, the 

I by the Colorado Department of Health (CDH). Soil gas QA sampling results are 
presented on Table  7. This table illustrates that  counts as high as 1,000 can be coupled 
with zero counts. 

- 
1 determined ion count is reported for  every station regardless of reliability as requested 

The  use of 1,000 ion counts as a reasonable lower threshold of significance is also 
based on the results of surveys a t  other sites and  in controlled field tests. Specifically, 
background levels of volatiles associated with petroleum products varied from a few 
tens of ion counts per day to two or  three hundred in the controlled field tests 
described by Bisque (1984). A conservative background rate of ten counts per day 
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would result in values of 210 counts in the 881 Hillside survey, which lasted for  21 0 days. 

The TCE count of 204 is therefore considered unreliable. The  PCE count of 1,541 
must be considered reliable if the 1,000 criteria is strictly applied. However, neither 
TCE or PCE were detected in soil samples from boreholes BH5-87 and  BH6-87. 

Qualified results f o r  acetone (Table 4) indicate that the compound was present in six 
of the seven samples from boreholes BH5-87 and BH6-87. Methylene chloride (Table 2) 
was detected in f ive  of the seven samples. Thus acetone and  methylene chloride are  
considered contaminants in boreholes BH5-87 and  BH6-87. BEHP is also considered a 
soil contaminant in  samples f rom these boreholes, as this compound was detected in six 
of the seven samples (Table 6). As concluded in  the RI report, acetone, methylene 
chloride, and BEHP are present in soil samples from boreholes BH5-87 and BH6-87. 
However, based on risk calculations, they pose an  inconsequential risk to the public 
health (Table 3). 

Section 4.0, Commeirt 15 

SWMU 103. Trichloroetharte was detected in the soil gas in the vicinity o f  SWMU 103 at 
soil gas point 76 ,  i n  addition to the PCE detected at soil gas points 97 arid 88. The blank 
sample analyzed f o r  BH4-87 indicated methylene chloride at I rrg/kg, acetone at 8 u g / k g  
and 2-butanone at 7 u g / k g .  The levels of these compounds detected in the blank sample 
are at least an order o f  magnitude below the levels detected for  methylene chloride in 
BH4-87, two orders o f  magnitude below the levels detected for  acetone in BH4-87 and 
greater than two orders of magnitude below the levels detected in BH4-87 for  2-butanone. 

The RI should not speculate as to the significance of the detection o f  4-nieth?rl-2-pentaitone 
in BH4-87. MeCI. acetone and 2-butanone must be considered as corttaniirtartts at SlVMU 
103. 

0 

Since no blank was run for BNA organic samples of BH4-87, the significance o f  the 
detection o f  phenanthrene, fluoranthene, pyrene and BEHP cannot be discoiinted at SWMU 
103. 

The RI does not present the laboratory data resultant to the analysis o f  blank samples fo r  
BH63-87. Therefore, the significance of the detection of TCE cannot be discounted fo r  
BH63-87. The data presented for BH63-87 indicates that neither nietliylene chloride nor 

methylene chloride and acetone as laboratory artifact is unsubstantiated. 

4 

I acetone were detected in the blank for this batch. Thus the statement discounting 
r' 

Analytical data f o r  the BNA blank samples of BH63-87 are not presented. BEHP was 
detected in BH63-87, in addition to N-Nitrosodiphenylamine or di-it-bLit~~lphthalate. The 
significance o f  these detections cannot be discounted without presenting the analytical data 
f o r  the blank samples associated with BH63-87 BNA analysis. The statement that no 
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volatile or semivolatile compounds were elevated in BH63-87 is irnsiibstantinted and 
possibly incorrect. 

ResDonse to Section 4.0. Comment 15 

As discussed in the R I  report, PCE was the only volatile organic detectEd in soil gas in 
the vicinity of SWMU 103. TCE was not detected at  soil gas point 76, although PCE 
was detected at  272 ion counts a t  this point. PCE was also detected at  soil gas point 
97 (434 ion counts) and  at  point 88 (68,576 ion counts). TCE was undetected a t  both 
points 97 and 88. Of these soil gas values, only the PCE count of 68,576 is considered 
reliable as discussed in the Response to Comment 14, Section 4.0. 

Qualified results for  methylene chloride, acetone, 2-butanone, and  TCE are presented 
in Tables 2, 4, 5, and  8, respectively, and are  interpreted as follows. Methylene 
chloride was not detected in any samples from borehole BH4-87 but was detected in all 
samples from BH63-87. It is considered a soil contaminant a t  BH63-87. Acetone was 
detected in four  of the nine samples and is considered a contaminant a t  SWMU 103. 
TCE was not detected and is not considered a contaminant. In addition, 4-methyl-2- 
pentanone was detected a t  68 ug/kg in the 15 foot contact sample from borehole BH4- 
87. The carcinogenic risk associated with these contaminants is presented in Table 3. 

Qualified results for  BEHP, N-nitrosodiphenylamine, and  Di-n-butylphthalate are 
presented in Tables 8, 9, and  10, respectively, and  interpreted as follows. BEHP was 
detected in four  out of nine samples from boreholes BH4-87 and  BH63-87 and is 
considered a contaminant. N-nitrosodiphenylamine was detected in two out of nine 
samples, both a t  levels below the CRQL. It  is not considered a contaminant. Di-n- 
butylphthalate was estimated below the CRQL in one of the nine samples. This 
isolated occurrance is not considered significant. 

The  R I  report also acknowledges the presence of phenanthrene, fluoranthene, and 
pyrene with the following statement. "Phenanthrene, fluoranthene, and pyrene were 
also estimated below detection limits in the 0 to 10 foot composite sample 
(BH04870610) a t  concentrations of 210 ppb, 290 ppb, and  240 ppb, respectively" 
(Rockwell International, 1988a). The CRQL for  these analyses was 330 ug/kg 
(Attachment B). As with N-nitrosodiphenylamine and Di-n-butylphthalate, estimated 
concentrations a re  not considered sufficient evidence to establish their presence ;is 
contaminants in the soils. 

I Section 4.0. Comment 16 
r' 

SWMU 105. Methylene chloride and TCE were detected in all five samples from BH62-87. 
Acetone was not detected in BH62-87. The analytical data for blanks associated with the 
BH62-87 analysis are not presented in the RI. The statement that no contaminants were 
identified above background levels cannot be verified. Di-n-butylphthalate. N- 
Nitrosodiphenylamine and BEHP were detected in samples from BH62-87. The 
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significance o f  these detections cannot be evaluated without analysis o f  the lab blanks 
associated with analysis o f  BH62-87 sampies. e 
Resuonse to Section 4.0. Comment 16 

Qualified sample results for  methylene chloride, TCE, BEHP, n-Nitros6diphenylamine, 
and di-n-butyl phthalate are presented in Tables 2, 8, 9, and 10, respectively, and are 
interpreted as follows. Methylene chloride was undetected in BH62-87. TCE was also 
not detected. BEHP was detected in all four  samples f rom BH6387. N- 
Nitrosodiphenylamine was detected in three out of four samples a t  levels below the 
CRQL. Di-n-butyl phthalate was detected in three of four samples a t  levels below the 
CRQL. Therefore, BEHP is the only contaminant considered present in the soils. 

Section 4.0. Contmerrt 17 

SWMU 106. If PCE was detected in soil gas at sampling point 110, why were PCE volatile 
organic analyses not reported for three of the five borehole samples taken? The semi- 
volatile compounds di-n-butylphthalate and BEHP were not fozind in the blanks. The 
highest concentration of semi-volatile compounds was found in the weathered bedrock at 
the 18-foot level o f  BH2-87. 

ResDonse to Section 4.0. Comment 17 

PCE was reported a t  305 ion counts a t  soil gas point 110. However, PCE was not 
detected in soil samples from borehole BH2-87. This is one of several locations on the 
881 Hillside where soil gas ion counts are not supported by borehole sampling results. 
This is due to several factors as discussed below. e 

1) Soil gas values less than 1,000 are not considered reliable as discussed in 
the response to Section 4.0, Comment 14. 

2) VOCs detected in the soil gas survey may emanate from groundwater 
ra ther  than from soils. Concentrations as a high as  170 micrograms per 
liter (ug/l) in groundwater would be non-detectable in  a saturated solid 
sample with 30 percent porosity a t  a detection limit of 25 ug/kg, because 
although the water occupies 30% of the sample by volume, i t  occupies 
only 14% by weight. 

-- 

I 

I 
3) VOCs detected in the soil gas may be transported in  the gas phase to the 

point of detection and  may not be associated with volatiles in either 
groundwater or soil a t  the soil gas sampling point. 

Qualified results f o r  BEHP and di-n-butylphthalate are presented in Tables 6 and  10 
and are  interpreted as follows. BEHP was detected in three of f ive samples. Di-n- 
butyl phthalate was detected in four  of the f ive samples collected from BH2-87, one of 
which was below the CRQL. Both of these compounds a r e  considered soil 
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contaminants a t  the 88 1 Hillside. The carcinogenic risk associated with these 
compounds is presented in Table 3. 

Section 4.0, Commeiit 18 

Methylene chloride and TCE were detected in all five samples from BH62-87. Acetone was 
not detected in BH62-87. The analytical data for blanks associated with the BH62-87 
analysis are not presented in the RI. The statement that JIO contaminants were identified 
above background levels cannot be verified. Di-n-butylphthalate, N-Nilrosodiphenylaniine 
and BEHP were detected in samples from BH62-87. The significance o f  these detections 
cannot be evaluated without analysis o f  the lab blanks associated with arralysis o f  BH62-87 
samples. BEHP was also estimated below detection limits in the IO-foot sample o f  BHI-87.  
I f  the detection limit for methylene chloride is Sppb, methylene chloride was detected in 
BH3-87 above laboratory contaminant levels and above detection limits for three out o f  the 
four samples taken. Acetone was also detected above a 10 ppb detection limit for two out 
o f  the four samples from BH3-87 and is possibly elevated with respect to the laboratory 
blanks associated with BH3-87. 2-Btitanone was not detected in the laboratory blank f o r  
three o f  the four samples and was detected above the detection limit for two o f  the four 
samples. The statement that no volatile organics were detected in BH3-87 above detection 
limits or laboratory contaminant levels is incorrect. The semivolatile laboratory blank levels 
for the four samples for BH3-87 were estimated at 2 ppb, not 550 ppb as indicated. 

ResDonse to Section 4.0, Comment 18 

The  response to Section 4.0, Comment 16 discusses results of samples from BH62-87. 
Qualified results f o r  methylene chloride, acetone, 2-butanone, and TCE are presented 
in Tables 2, 4, 5, and 8, respectively, and are  interpreted as follows. Methylene 
chloride, acetone, acetone were all detected in  one of nine samples from BH3-87 and 
BH-62-87 and are  considered soil contaminants a t  the 881 Hillside. TCE was not 
detected in samples from either borehole. 

Qualified results f o r  BEHP are  presented in Table 6 and are interpreted as follows. 
BEHP was undetected in the three BH1-87 samples and detected in all four  of the 
BH3-87 samples. The  maximum level was 940 ug/kg. The carcinogenic risk is 
negligible (Table 3). 

Section 4.0, Comment 19 . 
r' SWMU 119.1. Boreholes BH8-87, BH9-87 and BH13-87 are not downgradient o f  the 

contaminated soils at SWMU 119.1 and do not assess the extent of  the soil contamination at 
SWMU 119.1. In addition to the PCE found at SWMU 119.1, BH12-87 2-butanone levels 
were detected above the detection limit o f  10 ppb, acetone levels o f  85 ppb and 66 ppb are 
between 7 and 10 times the levels found in the blank for BHI2-87 and methylene chloride 
levels detected in BH12-87 are 25 times the levels found in the blank. The PCE level 
detected in BH12-87 is above the detection limit o f  5 ppb. No data are presented 
regarding the analysis o f  laboratory blanks for BH14-87. The data that are presented 
indicate that no blanks were run for analyses associated with BHl4-87. The data do not 
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support any statements concerning the significance o f  the acetone levels detected in e samples f rom BHlsl-87. 

NO data are presented concerning the laboratory blank airalyses associated with BHS7-87. 
Methylene chloride was detected above laboratory blank levels iri BH12-87 and BH14-87. 
Acetone is in samples f r o m  BHS7-87 to a depth of 28 feet .  The'volatile organic 
contarnination' d e  f iiiitely extends into the weathered claystone bedrock o f  the Arapahoe 
formation. No laboratory blank data were submitted with the RI f o r  semi-volatile samples 
associated with the analysis of BH57-87 or BH14-87. The signi ficance o f  semi-volatile 
detections in samples front BH14-87 and BH57-87 cannot be determined without analysis 
o f  the laboratory blanks for  these data. Although BEHP and di-it-btctYlphthalate were the 
only semivolatiles detected above detection limit, phenanthrene, pyrene. fltioranthene. 
benzo(a janthracene. Chrysene, benzo( b )  fluoranthene, benzo(k) f luoranthene, 
diethylphthalate and N-Nitrosodiphenylamine were estimated below detection limits. The 
detected levels o f  methylene chloride, acetone and 2-butanone f o r  samples o f  BH8-87 are 
greater than the levels detected in the laboratory blanks by  factors between 5 and 30 and 
are not resultant to laboratory artifact. Methylene chloride and acetone were elevated 
above laboratory contamination levels in all four samples f rom BH9-87. 2-Butarrone was 
not detected in the zero to ten-foot composite and the 11-foot corttact sample, but was 
detected at the 14-foot bedrock sample and the 4-foot water'table sample for BH9-87. 2- 
butanone was not detected in blanks associated with the analysis o f  BH9-87. Methylene 
chloride was estimated at levels above the levels detected in the blank associated with 
BH13-87 fo r  the zero to ten-foot composite and the 14-foot bedrock sample. No blank was 
presented which is associated with the 1 I -  foot contact sample fo r  BH13-87. Acetone was 
detected in the 11-foot corttact sample for which no blank is presented in addition to the 
detection of acetone in the 14- foot  bedrock sample. 

Methylene chloride must be considered a contaminant at SWMU 119.1. in addition to PCE, 
I , I , I  TCA, TCE, acetone, 2-biitanone, l J , 2  TCA,  di-ti-btityl phthalate and BEHP. The 
presence o f  the other semi-volatiles at levels below detection limit cannot be discounted 
without the analysis o f  blank samples associated with these findings. 

-0 

ResDonse to Section 4.0. Comment 19 

It is agreed tha t  boreholes BH8-87, BH9-87, and  BH13-87 are  not downgradient of 
SWMU 119.1. The RI report states "boreholes BH8-87, BH9-87, and BH13-87 were 
drilled on the periphery of SWMU 119.1 to assess the extent of soil contamination." 

Qualified results f o r  methylene chloride, acetone, and 2-butanone are presented in 
- 

3 Tables 2, 4, and  5, respectively, and are  interpreted as discussed below. 
8 

Methylene chloride, acetone, and BEHP qualified results are all below detection limits 
in samples f rom borehole BH12-87. PCE was detected at  19 ug/kg in the 0 to 2 foot 
sample from BH12-87 and was undetected in the associated laboratory blank. 
Howevever, the carcenogenic risk associated with PCE in soils is inconsequential 
(Table 3). 

Qualified results f o r  volatile organics methylene chloride and  acetone are above 
detection limits f o r  samples from BH14-87; however, the risks associated with these 
compounds in soils a re  considered negligible (Table 3). BEHP qualified results are  all 
below detection limits in samples f rom borehole BH14-87. TCE was detected a t  7.7 
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ug/kg in the 6.5 to 9 foot sample in BH14-87. However, little significance is placed on 
this isolated occurance of TCE. 0 
Methylene chloride, acetone, 2-butanone, and n-Nitrosodiphenylamine qualified results 
a re  a11 below detection limits in sample from borehole BH08-87. Qualified BEHP 
results are above detection limits in all samples from this borehole; ho'wever, the risk 
associated with this compound in soils in negligible. 

Methylene chloride, acetone, and  2-butanone qualified results do occur above 
laboratory contaminant levels in samples from borehole BH09-87. Acetone and 2- 
butanone are noncarcinogenic compounds with hazard indices less than 0.01, and the 
carcinogenic risk associated with methylene chloride are considered acceptable (Table 
3). 

In borehole BH13-87, methylene chloride and acetone also occur above laboratory 
contaminant levels (Tables 2 and  4). But again, the risk associated with these 
compounds in soils a re  inconsequential. 

Volatile organics detected above laboratory contaminant levels in borehole BH57-87 
are  methylene chloride, 2-butanone, TCE, l,l-DCA, I,l,I-TCA, I,1,2-TCA, PCE, and 
toluene. Of these compounds, 2-butanone, I,2-DCA, l,I,l-TCA, and  1,1,2-TCA occur 
below the alluvium/bedrock contact sample (12 to 14 foot sample). The compound 
1,1,1-TCA appears to have penetrated the deepest into weathered bedrock. It was 
estimated at  11  ug/kg below the detection limit of 25 ug/kg in the 26 to 28 foot 
sample. 

Semi-volatile compounds n-Nitrosodiphenylamine and BEHP also occur above 
laboratory contaminant levels in samples from BH57-87. BEHP was detected a t  830 
ug/kg and 1000 ug/kg in the 24 to 26 foot and 26 to 28 foot samples, respectively, 
f rom this borehole. 

In summary, methylene chloride, acetone, I,1-DCE, 1,2-DCA, 2-butanone, I,I,I-TCA, 
TCE, 1,1,2-TCA, PCE, toluene, di-ethyl phthalate, BEHP, chrysene, and di-n-octyl 
phthalate are  considered soil contaminants a t  SWMU 119.1. 

Section 4.0. Comment 20 

SWMU 119.2. TCE was detected at soil gas point 183 in addition to the PCE, TCA and 
DCE associated with soil gas sampling o f  SWMU 119.2. In addition to the methylene 
chloride and BEHP ]detected above laboratory contaminant levels at BH16-87, acetone is 
present significantly above laboratory blank levels. In addition to the acetone, 2-butanone 
and BEHP detected above laboratory contaminant levels, methylene chloride was detected in 
BHl7-87. Phenanthrene, anthracene, fluoranthene, pyrene, benzo(b)anthracene. chrysene, di- 
n-octylphthalate and benzo(b)fluoranthene are estimated below detection limits in samples 
from BH17-87. NO laboratory blank information was presented in the RI to evaluate or 
substantiate the claims made concerning BHS8-87 and BHS9-87. N-Nitrosodiphenylaniine 
and di-n-butylphthalate were estimated below detection limit in samples from BHS8-87, 
with one sample from the 4-foot bedrock level indicating di-n-butyl phthalate at significant 
levels. Samples from BHS9-87 indicated estimated levels o f  N-Nitrosodiphenylamine in 
addition to the levels o f  BEHP detected. To state that BEHP is the only organic detected 
above laboratory blank levels for BH59-87 is presently unsubstantiated. No blank 

- 
I 

r' 

0 
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in formation WQS silbniitted. Methylene chloride, TCA, TCE. N-Nitrosodiphe~i.vlamine, di-n- 
butyl phthalate and BEHP were estimated at levels below detection limit /or BH61-87. No 
evaluation o f  the significance o f  these detections can be made without analysis o f  the blank 
data associated with analyses o f  BH61-87. 

e 
Resoonse to Section 4.0. Comment 20 . 
TCE was detected in soil gas a t  point 183 at  an ion count of 232. This value is 
considered unreliable as i t  is less than 1,000 counts (Section 4.0, Response 14). 

Qualified results for  methylene chloride, acetone, and 2-butanone are presented in 
Tables 2, 4, and 5, respectively, and  are interpreted as follows. Methylene chloride, 
acetone, and 2-butanone were not detected in any of the BH16-87 or BHl7-87 samples. 
2-butanone was detected in one of three 

Of the volatile organics originally reported in BH58-87 (methylene chloride, acetone, 
l,l,l-TCA, and TCE), only I,I,I-TCA is considered detected a f te r  assigning qualifiers 
to the data. Semi-volatile compounds reported in BH58-87 were n- 
Nitrosodiphenylamine, di-n-butyl phthalate, and BEHP. n-Nitrosodiphenylamine was 
estimated below the detection limit (1600 ug.kg) in samples BH588700UC and 
BH588702CT a t  concentrations of 97 ug/kg and 84 ug/kg, respectively. Di-n-butyl 
phthalate was estimated below the detection limit of 60 ug/kg (detection limit of 330 
ug/kg) in sample BH588702CT and was detected a t  650 ug/kg in sample BH588704VR. 
BEHP was undetected in borehole BH58-87. 

Based upon the assignment of qualifiers, acetone was undetected in all soil samples 
f rom BH59-87 (Table 4). Methylene chloride was estimated below the CRQL of 25 
ug/kg in the three samples. n-Nitrosodiphenylamine was BEHP were also detected 
(Tables 6 and 9). 

0 
Volatile organics methlylene chloride and TCE were not detected in  BH61-87 (Tables 2 
and 8). 1,1,1-TCA was estimated below the CRQL of 25 ug/kg in samples 

. BH618707DH and BH618709CT. The  semi-volatile compound n-nitrosodiphenylamine 
was detected a t  levels below the CRQL in two of the three BH61-87 samples, while 
BEHP was not detected (Table 6). 

In  conclusion, l , l , l-TCA and BEHP are considered the soil contaminants of SWMU 
119.2. 

4 
r' Section 4.0. Comment 21 

SWMU 130. BH7-87 is drilled through the estimated location o f  SUWU 130. Methylene 
chloride. acetone and 2-butanone were detected at levels significantly above detection limits 
and laboratory contamination levels. BEHP was also detected at significant levels in 
samples from BH7-87. In addition to the methylene chloride and BEHP detected in BHIO- 
87 and BHI 1-87, significantly elevated levels o f  acetone were detected in both boreholes. 
The comparison o f  soil composites sampled in both alluvial and bedrock soils over varying 
depths to a "background" sampling o f  alluvial soils composited over one foot, may preclude 
characterization o f  the soils for metal and radioactive contamination. The nort-reporting of  

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE RI REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE 24 



U235 and the presence o f  Cs137 and Sr89,90 in some soil samples does riot support 
determinations made in the R I regarding radionuclide coriraminntion. 0 
ResDonse to Section 4.0. Comment 21 

Boreholes BH7-87, BH10-87, and BH11-87 are  located within SWMU 130. 

After  the assignment of qualifiers to the soil sample results from BH7-87, it i s  evident 
that  the soils a r e  characterized by the presence of methylene chloride, acetone, 2- 
butanone, and bis(2-ethylhexy1)phthalate (Tables 2, 4, 5, and 6). Only acetone and 
bis(2-ethylhexy1)phthalate were considered as above detection in BH10-87. Methylene 
chloride, acetone, 2-butanone, and BEHP are  considered the contaminants of concern 
for  SWMU 130. T h e  risks associated with these compounds are presented in Table 3. 

Comparison of metals and radionuclide results for  borehole soil samples f rom the 881 
Hillside Area to surficial soil samples collected in the west buffer zone is questionable 
as discussed in the  RI report. As discussed in the response to Section 4.0 Comment 1, a 
plan for  characterization of background soil chemistry a t  Rocky Flats Plant is being 
implemented a t  this  time. 

Cesium 137 a n d  Sr 89,90 background concentrations will be characterized by 
implementation of the background characterization plan. The analysis of uranium 235 
is immaterial to the occurrence of  uranium in soils a t  SWMU 130 due to i ts  low 
activity in comparison to that of uranium 234 and  238 (see Responses to Section 4.0, 
Comment 8, and  Section 5.0, Comment 26). Nevertheless, background soil samples will - 
be analyzed for  uranium 235. 

0 

t 
r' 
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4 

SECTION 5.0: SITE HYDROGEOLOGY 

Section 5.0. Coninrent 1 

Appendix E does not contain geologic logs of all boreholes and wells. O f  particular 
significance are the missing borehole/well logs for the bedrock background welis 46-86 
and 52-86. 

Resoonse to Section 5.0. Comment 1 

The missing data  a r e  attached to these responses as Attachment C. This includes all 
geologic logs and  well completion information for  wells 46-86, 47-86, 49-86, 50-86, 51- 
86, 52-86, 53-86, 54-86, 55-86, 56-86, and 70-86. Geologic logs and  well construction 
summaries for  wells 10-81 and  7-82 do not exist and  were therefore not provided. 
Summaries f o r  1985 well inspections are provided for  these wells (Attachment C). A11 
pertinent geologic logs and well construction summaries will be included with the 
final RI  report. 

Section 5.0, Comment 2 

The RI does not present justification for the distinction that the lignite layers found in 
bedrock wells 3-87 and 8-87 are actually different lignite layers. The RI does riot address 
the impact organic rich sediments and lignites have on the ground water geochemistry 
and/or transport o f  Contaminants within the saturated lignite layers. The RI does not 
address the ef fect geologic horizons at 881 Hillside ntay have oii the ntobility o f  the 
contaminants. 

t 

ResPonse to Section 5.0. Comment 2 

The  Arapahoe Formation consists of fluvial claystones with interbedded lenticular 
sandstones, siltstones, and  occasional lignite deposits. Contacts between these 
lithologies are  both gradational and  sharp, making correlation between boreholes of ten 
conjectural. 

- Structural d ip  a t  the  881 Hillside is based on correlation o f  the top of the sandstone in 
5-87BR and 7-87BRA (Plate 5-4, cross section H-H' of the RI report); bedrock is 

calculated for  sandstone correlated between wells 9-87BR and 16-87BR at  the 903 Pad 
Area (Rockwell International, 1987a). 

I dipping approximately seven degrees to the east. This d ip  is consistent with that 
r' 

Correlating the two lignite layers found in wells 3-87BR and 8-87BR results in a d ip  
of 1.5 to 2 degrees. T h e  881 Hillside is located approximately 1,900 f t  west-southwest 
of the 903 Pad Area, closer to the foothills of the Rocky Mountain Front Range. This 
geographic and  geologic position suggests a potentially steeper d i p  at  this site (i.e., 
greater than seven degrees rather than less). Therefore, i t  is believed that these beds 
are  thin lenses a n d  not correlative. 
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Additional bedrock investigations will be conducted at the Plant in 1989. This 
includes a shallow seismic refraction survey which will provide additional information 
on bedrock lithology and orientation a t  the 881 Hillside. 

0 

The R I  did discuss changes in groundwater chemistry due to litholo'gic variability, 
although it  did not explicitly address the possible role(s) of lignite. The organic-rich 
lignite could represent a significant source (or sink) of trace elements for  the 
groundwater because of its adsorptive capacity in its environment of formation. Thus 
lignites, as well as clay-rich horizons, could be responsible for  much of the "natural 
geochemical variability" which is invoked several times in the RI. 

The RI does not discuss the impact of organic rich sediments and  lignites on the 
bedrock groundwater geochemistry and/or transport of contaminants within the 
saturated lignite layers. This discussion was omitted because i t  has not been 
unequivocally shown that contaminants have migrated into specific bedrock geologic 
horizons a t  the 881 Hillside. 

Section 5.0, Comment 3 

Event sampling o f  the springs and seeps on the 881 Hillside would provide data as to the 
significance o f  these stir face water pathways with respect to contaminant transport. 

Resoonse to Section 5.0. Comment 3 

Event sampling of springs and seeps on the 881 Hillside would provide data  for 
contaminant transport via surface water pathways. This is a good recommendation for  
fu ture  work on the 881 Hillside RI/FS. Event sampling of springs and seeps is 
planned for 1989. 

Section 5.0, Comment 4 

Considering the intimate contact between the valley fill alluvium and the stirface flow o f  
Woman Creek, speculation that Contaminants would stay in the valley f i l l  alluvium and 
travel the 10,000 feet to the facility boundary in approximately 80 years is unrealistic. 
The contaminant would more likely take 1 to 4 years to travel down the hillside to Woman 
Creek valley f i l l  alluvium and then be carried to the facility boundary at the velocity and 
travel time dictated by Woman Creek surface flow. This would be especially true for areas 
where there was no saturated thickness o f  valley fill alluvium, and/or Woman Creek was 
underlain by bedrock. Htirr (1976) estimates that the groundwater in valley fill aIIuvium 
flows at a velocity between 5400 and 9100 feet per year. Why are the estimates o f  between 
250 and 740 feet per year presented in the RI for groundwater flow in valley fill  alluvium 
so low compared to Hurr's estimates? Hurr's estimates o f  pore velocity would dramatically 
decrease the amount o f  time that would be required for a contaminant to travel to the 
facility boundary. The use o f  a hydraulic gradient based on topography in conjunction 
with the estimated effective porosity and mean hydraulic conductivity does not allow an 
assumption that ground water would only f l ow  at the estimated velocity for half  o f  the 

- 
, 
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year. What woiild change to allow this assumption? 
is coiistant as  is the ef fect ive  porosity arid hydraulic coiiductivity. 

The topographically derived gradient 9 
ResDonse to Section 5.0. Comment 4 

It is unclear how the reviewer concluded that a contaminant would likely take I to 4 
years to travel down the hillside to Woman Creek valley fi l l  alluvium. Volatile 
organics in colluvial groundwater a t  the 881 Hillside have moved approximately 200 
feet  (midway between wells 4-87 and 47-87) f rom SWMU 119.1 in 15 to 18 years (11 to 
13 feet  per year). Based on this velocity range, another 19 to 23 years are required fo r  
volatile organics to travel the additional 250 feet  to the Woman Creek valley fi l l  
alluvium. 

Once groundwater reaches the creek drainage, it travels within the alluvium east 
toward the property boundary a t  Indiana Street. Flow in the alluvium occurs in 
response to inf i l t ra t ion events, and the alluvium desaturates following the event by 
down-valley flow and  evapotranspiration. High evaporative losses have been noted 
repeatedly in investigations of the valley fi l l  alluvium. Hurr  (1976) notes that  as 
much as 0.25 cubic  feet  per second were lost to evapotranspiration along Woman Creek 
during the period July to September, 1974. In addition, both Rockwell (1986) and 
DOE (1988) comment on evapotranspirative losses f rom the valley fi l l  alluvium, based 
on water level records. Six of the nine wells completed in the Woman Creek alluvium 
have been d ry  du r ing  a t  least some portion of the year since their installation. The RI 
report presents water  level data  which show that  the valley fi l l  alluvium is d ry  a t  
wells 1-86, 64-86, a n d  66-86 from about July 1 to October 1 (3 months). 

Groundwater f low rates a re  a function of hydraulic conductivity, hydraulic gradient, 
and effective porosity. Following Anderson (1979), the equation fo r  average linear 
velocity in groundwater is: 

' 

v = K i/n 

v = average linear velocity (L/T) 
K = hydraulic conductivity (L/T) 
n = effect ive porosity (unitless) 
i = hydraulic gradient (L/L) 

- The  travel time f o r  a non-attenuated constituent to reach the property boundary from 
well 64-86 (approximately 10,000 feet) in the valley fi l l  alluvium is in the range of 20 

I to 77 years. This  range was calculated using the equation above a n d  the parameters 
i= discussed below. 

Based on reevaluation of slug and  drawdown/recovery te ts (Attachment D), the 
alluvium has a n  average hydraulic conductivity of 8 X IO-' centimeters per second 
(cm/s) (828 f t / yea r )  and  a maximum conductivity of 3 X cm/s (3104 ft/yr). A 
hydraulic gradient of 0.021 f t / f t  was estimated from the grade of the alluvium base 
(also equal to the topographic gradient), and a n  assumed effective porosity of 0.1 was 
used to calculate f low velocity. The  resulting groundwater flow velocity ranges from 
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174 to 652 feet  per year using the average and maximum hydraulic conductivity 0 values. 

The  assumption that the groundwater flows only half the year is not based on 
hydraulic gradient, hydraulic conductivity, or effective porosity. That  statement was 
an  estimation of  actual conditions in the valley f i l l  alluvium. Based’on water level 
data  from wells completed in Woman Creek alluvium, this statement should be 
corrected to state that saturated conditions are present three-quarters of the year. 
Because the alluvium is not saturated for  the full  year, a dissolved particle travels 
only a portion of this distance each year. Thus, a dissolved particle would travel 
approximately 130 to 490 feet during a year. 

In conclusion, organics from the 881 Hillside are not expected to reach the Indiana 
Street property boundary (well 1-86) for  a t  least 40 years (20 years in colluvium plus a 
minimum of 20 years in valley fill alluvium using the maximum groundwater 
velocity). Using the average groundwater velocity of 130 f t /y r  (corrected for  flow 
only three-quarters of the year), contaminants a t  the 881 Hillside will reach the 
eastern property boundary in approximately 97 years (20 years in colluvium plus 77 
years in valley f i l l  alluvium). 

Hydraulic conductivity values reported in this response and the R I  report are based on 
s i tespecif ic  tests performed a t  Rocky Flats Plant and the 881 Hillside (Attachment D). 
the estimates presented in Hurr (1976) are  based on qualitative data  and/or averaged 
values over a much larger area than Rocky Flats Plant. Thus, values presented here 
a re  considered more representative of site conditions at  the 881 Hillside. 

Section 5.0, Comment 5 

Section 5.4.2.2 does not substantiate the statement that the gravel lenses iii the colluvium are 
not continuous and in fact refutes this statement. After traveling the length o f  the 
colluvium, a dissolred constituent might not have to travel the entire length of  the valley fill 
alltcvium i f  the groundwater emerges as a seep or Woman Creek is a gaining stream at 
certain times of  the year. 

ResPonse to Section 5.0. Comment 5 

-==. The response to Section 5.0 Comment 31 includes discussion of the discontinuous 
nature of colluvial gravel lenses. 

The  reviewer is correct in recognizing the close connection between the surface and 
groundwater systems. Flow in the valley fi l l  alluvium is controlled by recharge 
events; when actually being recharged (and for  a relatively short time thereafter), the 
alluvium is continuously saturated from the headwaters of the creek to the property 
boundary. T h e  alluvium may become fully saturated and discharge to the surface 
system along some reaches (especially downstream), or, if the recharge event is of short 
duration, the surface system may only flow into the alluvium and never receive 
recharge from the alluvium. In any event, the system then drains toward the property 

? 

I 
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boundary when not being recharged; some reaches finally become unsaturated, either 
due to downstream drainage or evapotranspirative loss. e 
This hydraulic system has little potential to transport the contaminants of concern 
from the 881 Hillside to the property boundary. This is based on the following 
scenario. 

1. T h e  contaminants of concern a r e  volatile organics a n d  it is assumed that 
they will ultimately be delivered to the valley fi l l  alluvium if nothing is 
done to control their movement. Volatile organics must travel an 
addi t ional  250 feet  through colluvium before they reach the valley fi l l  
al luvium as discussed in the response to Section 5.0 Comment 4. 

2. T h e  volatiles will arrive as groundwater flow because the colluvium does 
not respond quickly to precipitation events (high permeability zones a re  
encased in low permeability clayey soils). 

3. T h e  volatiles will be present as a plume in a n  isolated pool of saturation 
in the valley fi l l  alluvium when the recharge event occurs. 

4. T h e  recharge event will saturate the alluvium a n d  cause some of the 
volatile bearing groundwater to enter the surface water system. 

a. The  volatiles in the surface water will be diluted and volatilize 
because of the volume and turbulence of the flood flow. 

b. The  volatiles in the groundwater will be diluted by the recharge 
from the surface water, and  they will move downstream as 
subsurface flow under the topographic gradient (alluvium is ful l  
to the ground surface). 

5. Downstream movement of the volatiles remaining in  the groundwater 
system will cease when the hydraulic connection between separate 
saturated pools is broken by discharge to evapotranspiration which Hur r  
(1976) estimates to be approximately 0.25 cubic feet  per second (about 32 
inches per year). 

- 6. Some of the volatiles will be removed from the water as volatilization 
occurs f rom the stagnant pool of saturation. 

7. Movement will begin again from step 4 when another recharge event 
occurs. 

I t  is the opinion of the RI  team that an excursion of detectable volatile organics f rom 
the 881 Hillside through the Woman Creek Valley Fill Alluvium does not present a n  
imminent danger a n d  may never happen. 

Section 5.0, Commerrt 6 

High vertical gradients in  continuously saturated sitbsiir face material does not necessarily 
indicate the presence of intervening low conductivity material. A high vertical gradient 
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means only that there is high potential to flow. The vertical gradient information presented 
in Table 5-3 is incorrect for  well pair 69-86 and 59-86. The elevation o f  the ground and 
potentiometric surface for- well 69-86 as presented in Table 5-3 are not as presented in the 
well construction sunintary and log of  boring for  well 69-86. The high vertical gradient f o r  
well pairs 69-86 and 59-86 could be environmentally significant in that there is a great 
potential to f low between the colluvium and the sandstone o f  the Arapahoe’formariori. The 
vertical gradient calculated fo r  well pairs 8-87Br and 59-86 Br of  0.29 nieans that there is 
not such a great tendencv to f low between the weathered claystone and the f i r s t  permeable 
sandstone and may  indicate that the weathered bedrock found between the colluviunt and 
f irs t  permeable sandstone is close to saturated. This finding may  be in direct conflict with 
the f indings associated with well pair 59-86 and 69-86. The vertical gradient estimated f o r  
well pairs 8-87Br and 69-56 is approximately 0.53. What significance does this have in 
light o f  the vertical gradients for  the other two well pairs of the triplet? The calculated 
vertical gradient f o r  well pairs 2-87 and 3-87Br of 0.45 might indicate hydraulic 
connection, when considering that 3-87Br is completed in unweathered claystone and 2-87 is 
finished in weathered claystone. However, the calculation of a vertical gradient f o r  well 
pairs which are separated to such an extent vertically (approximately 100 feet) .  niight 
systeniatically decrease the vertical gradient. The vertical gradient estimated f o r  well pair 
44-87 and 45-87Br i s  approximatelv 1.04. This again indicates a strong potential to f low 
between the colluvium and the f irs t  permeable sandstone of the Arapahoe formation. 

@ 

Resuonse to Section 5.0. Comment 6 

High vertical gradients do indicate the presence of intervening low conductivity 
materials. High conductivity materials would exhibit low vertical gradients, similar tO 
those found in a f ree  body of water. In addition intervening low conductivity 
materials (claystones) do occur based on visual observation of core. 

The  vertical gradient calculations presented in the RI report are  incorrect for  wells 
59-86 and 69-86, as the incorrect ground surface elevations are  presented. Table 11 
presents recalculated vertical gradients for  all well pairs a t  the 881 Hillside. Vertical 
gradients presented in this table were recalculated using the method of Kashef (1986). 
This method assumes the differential  heads are  simply the difference in water levels 
in two wells and  the different ia l  flow path length is the distance from the base Of 
surficial materials to the top of the bedrock sandstone. 

For unconfined conditions in  the bedrock, the differential head will be a t  least equal 
to, if not greater than, the thickness of the intervening materials (vertical gradient 
greater than one). However, vertical gradients do not indicate the quantity of vertical 
groundwater flow. As stated in the second sentence of Section 5.0 Comment 6, they 

f only indicate a potential for  downward flow. Actual downward flow rates are 

- 
\ 
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controlled by the vertical hydraulic conductivity of the intervening layers as well as 0 the vertical gradient. 

Well 2-87 is not completed in weathered claystone as stated in the comment. It is 
completed in saturated surficial materials. Well 3-87BR is completed in an 
unweathered sandstone not in an  unweathered claystone as stated in the-comment. 

Section 5.0, Comment 7 

Table 5-2 should be reworked to eliminate the ambiguity in Table numbering (i.e., is it 
Table 5-2 or Table 5-4?). Table 5 - 2  data for the packer test of well 8-87BR seem to be in 
conflict with the data presented in Table 5-1 for well 8-87BR. 

Resoonse to Section 5.0. Comment 7 

Page 5-25 of the R I  report contains both Tables 5-2 and 5-4. Tables will be numbered 
to eliminate ambiguity in the final R I  report. 

Upon reviewing the packer test data  in Appe d ix  E of the RI report for well 8-87 BR, 
a hydraulic conductivity value of 7 x lO-’cm/s is correct for  the packer test of 
weathered claystone. 

Section 5.0, Comment 8 

The clay cuttings from drilling the wells would affect  the draw-down recovery tests in the 
same manner as they are presumed to affect the packer tests. This negates any conclusions 
concerning the validity o f  the packer tests or the draw-down recovery tests. 

Resoonse to Section 5.0. Comment 8 

Clay cuttings l ining the borehole wall would not affect  the drawdown recovery tests 
and the packer tests in the same manner. Packer tests are performed in cored sections 
of open boreholes prior to well development. This test is designed to isolate and 
determine the hydraulic conductivity of selected zones. Drawdown recovery tests, 
however, are performed after the monitor well has been installed and  developed. This 
type of test is designed to provide a hydraulic conductivity value for  materials in the 
screened interval. 

Hydraulic conductivity values are  generally greater and more representative of in-situ 
conditions when measured during drawdown-recovery tests than when obtained during 
packer tests, because drawdown-recovery tests a re  performed subsequent to well 
development. There are fewer clay cuttings coating the borehole wall during 
drawdown-recovery tests to influence test results. Packer tests, however, are useful in 

T 

I 
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obtaining estimates of hydraulic conductivity for  materials in unscreened portions of 
a borehole. 

Section 5.0, Commerrt 9 

The aquifer test results presented in Appendix E do not include test data or results for 
most o f  the 86 series wells located on the 881 Hillside and presented in Table 5-2. 

ResDonse to Section 5.0. Comment 9 

Slug tests and  drawdown/recovery tests referenced in the RI report have been 
reevaluated and  are  presented in Attachment D. This includes all aquifer test results 
f o r  1986 and 1987 wells located in the 881 Hillside Area. 

Section 5.0, Comment IO 

The fact that the RI has found only few correlations along dip for lateral coritiiitrity o f  
sandstone in the Arapahoe formation does not allow determination that the sandstone 
formations o f  the Arapahoe are riot continuous along dip. Cross-sections C-C' and H-H' 
may indicate lateral continuity along the dip. 

Resuonse to Section 5.0, Comment 10 

Page 5-30 o f  the R I  report states that  lateral continuity of sandstone units along strike 
has been demonstrated to be small and  only a few correlations have been made along 
dip. I t  would be a gross generalization to state that Arapahoe sandstones a re  not 
continuous along dip. However, poor correlations are  also documented by Hurr  (1976) 
who states, "The lateral extent of these sand bodies may be hundreds of feet, but  tens 
of  feet  are more common. In many localities, the same stratigraphic horizon contains 
several sand bodies which are not laterally connected." 

0 

Cross section C-C' should show a bedrock d ip  angle of seven degrees, and a six degree 
apparent dip should be depicted on Cross section H-H'. These cross sections will be 
revised for the f ina l  RI  report. A shallow seismic refraction survey is underway at  
Rocky Flats which will provide additional bedrock geometry information. 

P Section 5.0, Cornmerit 1 I 

The exclusion o f  volatile organics which have been detected in soils (acetone, methylene 
chloride, 2-butarione, toluene) from groundwater analysis is dubious. 

d- 

ResDonse to Section 5.0. Comment 1 1  

Analyses of the volatile organic compounds in groundwater samples were limited to 
the nine volatiles commonly detected a t  the Plant, because the Rockwell Laboratory 
was equipped with only a gas chromatograph. During the fourth quarter of 1987, the 
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laboratory obtained a gas chromatograph/mass spectrometer and  began analyzing for 
Hazardous Substances List (HSL) volatile organics. a 
Acetone, methylene chloride, 2-butanone, and toluene are addressed in Section 5.0 
Responses 27 and  28. 

There are no volatile organic analyses for  the sample collected f rom well 6-87 on JulLy 
28, 1987, because the laboratory holding time was exceeded. 

Section 5.0. Comment 12 

The data derived from sampling alluvial wells 49-86, 50-86 and 56-86 should not be 
considered as representative of background as these wells seem to have elevated inorganics, 
possibly elevated radionuclides and elevated metals when compared to wells 47-86, 51-86, 
and 55-86. Well 47-86 appears to be impacted by elevated uranium. The non-reporting o f  
U235 for many o f  the groundwater samples from submitted background wells does not 
allow concliisioiis to be made concerning the levels to be expected in background. The non- 
reporting of Cs137 and the finding of Sr89,90 in the submitted alluvial backgroiind wells 
makes determination of  background for radionuclides difficult. 

Resoonse to Section 5.0. Comment 12 

The inclusion of wells 49-86, 50-86, 56-86 (wells downgradient of the West Spray Field) 
and  wells 47-86, 51-86, and 55-86 as background wells was originally intended as a 
means of expanding the database for  alluvial groundwater background. This approach 
is reexamined below. 0 
Table 12 shows average and maximum values of major ions in alluvial wells west of 
the Plant. The table incorporates all available data to date and  groups the West Spray 
Field (WSF) wells and  non-WSF wells. The averages of the non-WSF wells are lower 
than the WSF averages. The maxima of the non-WSF wells are  higher than the WSF 
averages but lower than the WSF maxima. 

These data confirm that the WSF samples may not represent genuine background 
levels. However, comparison of the high values of  the "true" background well (55-86) 
with the high-end of the reported background range (RI, pp. 5-42 and Table 12) 
demonstrates that  exclusion of the "defective" background wells does not drastically 
alter the interpretation of major ion chemistry. In either case, there are several 881 

- 
I Hillside alluvial wells with elevated major ions (see Section 5 Response 24). 

f 

Using only well 55-86 data as estimated background, five bicarbonate, one sulfate, 
four  TDS, one calcium, and four magnesium 881 Hillside analyses exceed background 
that did not exceed the background estimated in the 881 Hillside RI report. Only one 
well (66-86) is added to the list of wells with elevated major ions because of the 
background revision. The amount by which 66-86 levels exceed estimated background 
is small for all major ions. For either background selection, there  are several 881 
Hillside wells with elevated major ions (see Section 5 Response 24). 

Background groundwater quality a t  Rocky Flats Plant will be fur ther  characterized 
during 1989. Groundwater sampling results from new background wells in addition to 
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data from alluvial well 55-86 will be used to characterize background conditions in 
the final RI report. 

Section 5.0, Conimeiit 13 

The presentation o f  ranges for background in alluvial wells would also bene f i t  from the 
inclusion o f average concentrations o f  constituents for the wells which do not appear to be 
impacted by SFVMLrs west o f  the plant. No data presented in the RI indicates a level o f  
0.047 mg/l vanadium was ever detected for alluvial wells west o f  the plant. This value 
should not be used to specify the background range for vanadium. Why is the alluvial 
groundwater backgroiuid range for carbonate presented as ND-I30 after the 
acknowledgement that at pHs between 6.0 and 7.4 little carbonate would be expected? 

Resuonse to Section 5.0. Comment 13 

Table 12 presents averages for the WSF and non-WSF subsets of the alluvial wells west 
of the Plant. See Section 5.0 Response 12 for discussion of these data. 

The value of 0.047 mg/l vanadium presented in Table 5-9 was not reported f o r  any of 
the alluvial wells west of the Plant and  was a typographical error. In accordance with 
the conclusions reached in Response 12 regarding groundwater background levels, the 
vanadium detection limit of 0.025 mg/l vanadium is the revised background limit. 

The text of the R I  report (pp. 5-41) does confirm that "ND" is the reasonable 
background level for  carbonate in alluvial groundwater. The inclusion of "ND-120" 
for  carbonate on page 5-42 o f  the R I  is an error, and  i t  will be corrected. 

There were three alluvial groundwater samples with reported carbonate levels above 
detection. The  pH levels of these wells a re  all below the levels a t  which free 
carbonate ion is plausible: well 10-81, pH = 4.6, CO,= = 21 mgjl; well 55-86, pH = 6.4, 
COS= = 76 mg/l; and  well 56-86, pH = 7.3, C0,- = 120 mg/l. The carbonate values are 
attributed to laboratory error. Nevertheless, any  interpretation of these carbonate 
data will not influence contaminant determinations a t  the 881 Hillside. 

0 

- 

Section 5.0, Comment 14  

The background determination is not advanced by the evaluation o f  wells which are known 
to be downgradient o f  SLVkfUs and subsequent subjective and inconsistent elimination of 
"outliers". This does riot allow a conservative comparison of background to the conditions 
existing at the 881 Hillside. 

- 
> 

r' 

ResDonse to Section 5.0. Comment 14 

Table 12 groups the alluvial groundwater da ta  for  the wells west of the Plant and 
those that are  downgradient of the West Spray Field (SWMU 168) and the Ash Pits 
(SWMU 133). Section 5.0, Response 12 addresses the issues surrounding background 
well selection. Section 5.0 Responses 15 and 18 discuss radionuclide background levels. 

For metals analyses, outliers were removed when measured values were a t  least an 
order of  magnitude greater than the typical values for  the analyte in  question. This 0 
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allows conservative comparison of background to the conditions existing at  the 881 
Hi1 Iside. A background characterization program is currently underway to determine 
the range of background chemical concentrations in groundwater. 

Section 5.0. Comment I5 

To be consistent with the logic used to determine i f  elevated concentrations o f  radionuclides 
exist, the background concentrations for plutonium, americium, cesium 137. strontium 89,90 
and uranium 235 in groiindwater should be defined as zero. The fact that data developed 
in 1987 contain many more values with associated uncertainti,es on the order o f  the value 
may be indicative o f  a laboratory probiem and does not allow conclusion that the 
background range may increase as time goes on. 

Resoonse to Section 5.0. Comment 15 

The background concentrations for  plutonium, americium, cesium 137, strontium 89,90, 
and uranium 235 cannot be defined as zero because these radionuclides are present in 
the environment due to fallout, or in  the case of uranium 235, because it is a naturally 
occurring isotope. The fact  that  the uncertainties are on the order of the values 
indicates the activity was a t  or below the minimum detectable activity (MDA) for  the 
analysis. In most cases the MDA was not low enough to adequately detect 
environmental levels of these radionuclides. The MDAs in the ER Program January 
1989 Quality Assurance/Quality Control (QA/QC) Plan are low enough to establish 
background concentrations for plutonium, americium, and uranium and are well below 
any regulatory limits. 

Insufficient data  exist a t  this time to determine if the strontium 89,90 and cesium 137 
detection limits will be low enough to detect environmental levels. These 
radionuclides; however, are not considered contaminants that  may have been released 
from Rocky Flats Plant. Because of their nuclear fallout origin, they are included in 
the analyte list for  completeness. 

Section 5.0. Comment 16 

The fact that detection limit is on the same order of magnitude as the analysis itself can 
The detection limit must 

be decreased in order to properly evaluate the data and determine whether radioactive 
constituents are present above background levels. 

be remedied by increasing the counting time for isotopic analysis. - 

ResDonse to Section 5.0. Comment 16 

The  detection limits need not necessarily be lowered in order to properly evaluate the 
data  and determine whether radioactive constituents are present above background 
levels. The detection limits presented in the January 1989 ER Program QA/QC Plan 
are  sufficiently low to detect background concnetrations. If contamination due to 
these radionuclides is present i t  would be observable a t  concentrations well below 
what would be considered hazardous. As an  example, the MDA for  plutonium 239 is 
0.01 pCi/l. In  the Federal register dated September 30, 1986, Appendix C, the 
Maximum Contaminant Level for  plutonium 239 is given as 40 pCi/l. The analysis is 
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capable of detecting the radionuclides three orders of magnitude bclow the proposed 0 drinking water standard.  

Sectioii 5.0. Comment 17 

Bedrock well 54-86 west o f  the Plant is completed in the Laramie formatioii. Boring logs 
/or the other bedrock wells submitted as background wells are riot present in any 
documents siibntitted to date. However, 52-86 can be presiinied to be completed in the 
Laramie formation aiid wells 46-86 and 48-86 are most likely completed in the Laramie 
formation. In addition to this problem the wells 46-86 and 54-86 are show as completed 
in a sandstone formation. No well construction siimmaries are preseiited for wells 45-86 
and 52-86. The boring log for well 54-86 does not correlate with the well construction 
siimmary presented for the well. How can the bedrock grotindwater data /or wells 
presumably completed in sandstone formations of the Laraniie be compared lo bedrock 
wells completed in claystone o f  the Arapahoe on the 881 Hillside? 

Resuonse to Section 5.0. Comment 17 

Geologic logs a n d  well construction details for  wells 46-86, 47-86, 48-86, 49-86, 50-86, 
51-86, 52-86, 53-86, 54-86, 55-86, 56-86, and 70-86 are presented in Attachment C. 
Wells 46-86, 48-86, 52-86, and 54-86 are completed in Laramie Formation sandstone or 
siltstone. T h e  well construction summary for  well 54-86 was corrected to correlate 
with the borehole log. 

Bedrock ground-water quality f rom wells west of the Plant (completed in the Laramie 
Formation) was compared to bedrock groundwater quality f rom wells a t  the 881 
Hillside (completed in Arapahoe Formation), because they were the only "background" 
data  available. Additional background wells will be completed in the Arapahoe 
Formation north a n d  south of the Plant (along strike) during 1989. 

There are no bedrock wells completed in claystone at  the 881 Hillside. Perhaps 
Arapahoe Formation sandstone and  lignite were intended in this comment. 

0 

Section 5.0, Conrmeitt 18 
- 

If wells 52-86 and 54-86 are assumed to be the good background bedrock wells, then the 
range for U234 would be 0-2.4(1.3) pCi/l aiid U238 would be 0-0.64(.127) pCi/l. This is 
significantly different than the background levels proposed. 

Resuonse to Section 5.0. Comment 18 

I 

a 

Nine new bedrock wells are proposed for  completion in Arapahoe sandstones, and  nine 
new bedrock wells are  proposed for  completion in Arapahoe claystones for  
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characterization of background bedrock groundwater quality. 
results from these wells will provide revised background groundwater chemistry data. 

Groundwater sampling 

Section 5.0. Comment I 9  

What are the backgroiiiid levels for alpha, beta, tritium, strontium 89.90 arid cesitint 137 for 
both alluvial and bedrock ground water? 

Resoonse to Section 5.0. Comment 19 

Well 55-86 was used as the background alluvial well and 54-86 was used as the 
background bedrock well. There are  currently no background data  for cesium 137; 
however, these da ta  will be collected during the 1989 implementation of the 
background characterization plan. Based on one sample collected in 1986, four  
quarterly samples collected in 1987, and two quarterly samples collected in 1988 (first 
and  second quarters) the requested background ranges for the alluvial well are: 

ANALYTE RANGE (DCi/l) 

Gross Alpha 0 + 15 to 262 2 3 4  
Gross Beta 3 + 10 to 135 + 2 6  
Trit ium 4 9 3  
Strontium 89,90 0.8 to 3.32 
Cesium 137 No Data 

For the same time f rame the requested ranges for  the bedrock well are: 

ANALYTE RANGE (DCi/ll 

Gross Alpha 0 2 15 to 57 2 3 2  
Gross Beta -5 + 13 to 65 + 4 8  
Tritium 4 9 3  
Strontium 89,90 <1.0 to 1.02 
Cesium 137 N o  Data 

- The large concentrations for  gross alpha and  gross beta are  due  to the analysis of 
unfiltered samples. When only the dissolved concentration is considered, the ranges 
for  the alluvial well become: t 

r' 
ANALYTE RANGE (DCi/ll 

Gross Alpha 0 2 1 5  to 5 2 4  
Gross Beta 3 + 10 to 14 + 12 
Tritium 4 9 3  
Strontium 89,90 <1.0 
Cesium 137 No Data 
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The requested ranges for filtered groundwater samples from the bedrock well are: 0 
ANALYTE RANGE (pCi/ l l  

Gross Alpha 0 + 2 1  to 6 + 6  
Gross Beta -5 5 13 to 10 + 4 1  
Trit ium 4 9 3  
Strontium 89,90 <1.0 
Cesium 137 N o  Data 

Additional background characterization is being performed a t  Rocky Flats Plant in 
support of RI/FS and  RCRA Closure activities. New alluvial and  bedrock wells will 
be installed in 1989, and groundwater sampling results from these wells will provide 
revised background groundwater quality data for  radionuclides. 

Section 5.0, Comment 20 

No blank data are siibntitted with the RI for any o f  the groundwater samples associated 
with 881 Hillside. The blank data subntitted with the original RI only present data for the 
86 series wells. No data are submitted for alluvial well 44-87 and the alluvial wells 63-86 
and 50-87 are dry.  so that evaluation of the alluvial groundwater contamination at SWMU 
119.2 is not possible. There are no groundwater wells completed within the estimated 
extent of SWMUs 130. 102 or 103. No data are presented for alluvial well 1-87, yet water 
has been detected in this well. Why weren't samples collected from well 1-87 when water 
was present in the well? The division of contamination into two general areas may  not be 
warranted as characterization of the groundwater for all SWhfUs at the hillside has not 
been completed. 

0 
ResDonse to Section 5.0. Comment 20 

Blank data for  the groundwater samples a t  the 881 Hillside were omitted from the RI 
report as data were not received in time for  inclusion in the computer database. The 
data were used in interpretation of investigative sample results and  will be submitted 
in the revised R I  report. In addition, blank data  are presented with groundwater 
sample results f o r  volatile and semivolatile organic compounds in Attachment E. 

No data were submitted for  wells 44-87, 63-86, and 50-87, because there was 
- 

, insufficient water for  analysis a t  all sampling occasions. 
r' 

The absence of groundwater wells within the estimated "boundaries" of SWMUs 102, 
103, and 130 is acknowledged. However, there are several wells outside and  
downgradient of those sites. The borehole data and  soil gas measurements d o  address 
those sites, and  a r e  fur ther  discussed in Section 4.0 Responses 14 (SWMU 102), 15 
(SWMU 103), and  21 (SWMU 130). 

There are no da ta  for  well 1-87 because on the only occasion on which water was 
detected, there was not a planned sampling trip. 

The division of contamination into two general areas is primarily a means of 
presenting analytical results with regard to the geographic grouping o f  SWMUs (RI PP. 0 
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5-50), and for  addressing remediation in the FS. If results f r o m  future  sampling 
effor ts  demonstrate that contamination is not similarly grouped, such observations will 
be reported accordingly. 

Section 5.0, Comment 21 

Data preseitted in the R I indicate that bedrock groundwater is impacted by corttamirintion 
at the 881 Hillside. 

Resoonse to Section 5.0. Comment 21 

Several Section 5.0 responses address the issue of bedrock groundwater quality a t  the 
88 1 Hillside: 

17: 
18: Radionuclide background levels 
19: Radionuclide background levels 
23: 
24: 
25: Radionuclides in bedrock groundwater 
29: 
34: 

Background levels for bedrock groundwater quali ty 

Flow between alluvial and  bedrock groundwater 
Metals in alluvial and bedrock groundwater 

Major ions in  bedrock groundwater 
Volatile organics in bedrock groundwater 

The  geometric means of metal concentrations in  bedrock wells a t  881 Hillside are 
tabulated below to permit ARAR evaluation. Only metals for  which there are  ARARs 
and  which were elevated above estimated background are considered. 

Ni Li Se 

(mq/l) (llW/l) (mq/l) 

Geometric Mean in Bedrock Groundwater 
CDH Water Quality Limited Standard 
CDH Human Health Groundwater Standard 
CDH Agriculture Standard 

No standard available 

0.03 0.09 0.02 
0.05 
* 0.01 
0.2  2 .5  0.02 

r' The nickel level of 0.03 mg/l does not exceed the CDH Water Quality Limited 
Standard of 0.05 mg/l. There is no analogous standard for lithium. However, the 881 
Hillside value of 0.09 mg/l  falls well below the CDH Agriculture Standard of 2.5 mg/l. 

The  selenium mean of 0.02 mg/l exceeds the CDH Water Quality Limited Standard and 
Human Health Groundwater Standard of 0.01 mg/l, but i t  does not exceed the CDH 
Agrimlture  Standard of 0.02 mg/l. Because the concentration is close to the ARAR, 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE RI REPORT DATED 3 f 1/88 
24 FEBRUARY 1989 PAGE 40 



fur ther  monitoring is required in order to assess if this is actually an  environmental or  0 public health issue. 

Section 5.0, Comment 22 

Hitrr (1976) estimates the groundwater pore velocities for the Rocky Flats Alluvium and 
Valley Fill Alluvium to be 7 to 18 f t / d  and 15 to 25 f t / d  respectively. The hydraulic 
conductivities presented by Hurr’s are in conflict with the data presented in the RI.  Prior 
to concluding that the flow o f  water in the surficial materials is probably slow and o f  
small quantity, the discrepancy between these two estimates rniist be discussed. 

ResDonse to Section 5.0. Comment 22 

The Rocky Flats Alluvium occurs upgradient of the 881 Hillside, but i t  does not occur 
within or downgradient of the 881 Hillside S W U s .  Therefore, the discussion on 
groundwater velocity within this unit was not included in the RI/FS for the 881 
Hillside. Colluvium and valley fill alluvium occur downgradient of the area, and  
discussion of these materials is presented in Section 5.0 Response 4. To reiterate the 
conclusion, Hurr  (1976) uses qualitative estimates to obtain groundwater flow 
velocities, whereas the RI/FS report values are  based on site-specif ic tests performed 
a t  the Rocky Flats Plant. 

Section 5.0, Comment 23 

Differing major ion chemistry may  reflect geochemical dif ferences in the d i f ferent  
completion zones f o r  bedrock wells. The vertical gradient between wells 59-86 and 8-87BR 
is 0.29 which may  imply that these wells are in fact not in comntttiiicatioit due to a low 
potential to f low between the two bedrock zones. However, the similarity o f  major ion 
chemistry in well pairs 2-87/3-87 aiid 59-86/69-86, in con junction with stronger vertical 
gradients, 0.45 and 4.6 respectively, may imply that the bedrock groitndwaters are not 
distinct. 

ResDonse to Section 5.0. Comment 23 

The recalculated vertical gradient between wells 59-86 and 8-87BR is 0.29 (Table 111, 
which does imply a low potential for  downward flow. As discussed in the response to 
Section 5.0 Comment 6, vertical gradients indicate the potential for vertical flow. 
Actual flow rates a r e  controlled by the vertical hydraulic conductivity as well as the 1 

d vertical gradient. 

Major ion chemistries of well pairs a t  the 881 Hillside were evaluated by converting 
concentrations in  milligram per liter (mg/l) to  milliequivilents per liter (meq/l) to 
account for varying atomic weights and ionic charges. Major ion concentrations in 
meq/l were then plotted as Stiff (1951) pattern diagrams to visually depict water 
quality. 

Tables 13, 14, a n d  15 present major ion quality data  for  the three well cluster (wells 
69-86, 59-86, and 8-87BR). Selenium and strontium concentrations are also presented 
on these tables. Figures 1, 2, and 3 present the corresponding Stiff diagrams for  wells 
69-86, 59-86, and 8-87, respectively. Wells 69-86 and 59-86 have similar major ion 0 
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chemistries. All samples from these wells are  dominated by  cations sodium and 
calcium and by bicarbonate anion. However, groundwater a t  well 8-87 is dominated 
by sodium and sulfate. Table 16 presents dissolved uranium results for  the three well 
cluster. As shown on this table, dissolved uranium concentrations are elevated above 
background and  are  similar in wells 69-86 and 59-86. Dissolved uranium 
concentrations a r e  lower in well 8-87BR. Well 69-86 is complcted in colluvial 
materials, and  well 59-86 is completed in a n  unconfined Arapahoe sandstone which 
subcrops beneath colluvium. Well 8-87BR is completed in a lignite bed a t  a depth of 
approximately 85 feet. Analysis of data f rom these wells indicates that similar water 
quality exists a t  wells 69-86 and 59-86. However, groundwater a t  well 8-87BR is 
distinctly d i f fe ren t  from the water in the overlying units. Elevated levels of 
strontium, sodium, sulfate, chloride, and TDS in well 8-87BR are likely due to host 
rock chemistry. 

0 

Tables 17 and  18 present major ion chemical data for wells 2-87 and 3-87BR, 
respectively, and  respective Stiff diagrams for  these wells are presented in Figures 4 
and 5. Alluvial groundwater a t  well 2-87 is dominated by sodium and bicarbonate. 
Groundwater a t  bedrock well 3-87BR is also dominated by sodium and bicarbonate, 
although chloride is also a dominant anion. Manganese and uranium concentrations 
a re  distinctly d i f fe ren t  between the two wells, however. Both manganese and uranium 
are  elevated above estimated background in well 2-87 but are  within estimated 
background levels in  well 3-87BR (Table 19). Thus, although major ion chemistries 
between wells 2-87 and 3-87BR are  similar, differing chloride, manganese, and  
uranium concentrations indicate that the waters are  distinctly different. 

Section 5.0, Comment 24 

Metals elevated with respect to the proposed background ranges in alluvial groundwater 
include aluminum, lithium, zinc and nickel in addition to the elevated levels o f  selenium 
and strontium. Metals elevated with respect to the proposed background ranges in bedrock 
groundwater include nickel in addition to the elevated levels of  strontium in bedrock 
groundwater. The "di fferent geochemical environment" postulated as the reason for the 
elevated strontium coiicentratioris may be the result of SWMU impacts on the chemistry o f  
the ground water. 

z 

Resuonse to Section 5.0. Comment 24 

There a re  cases in  which aluminum, lithium, zinc, and  nickel are elevated with respect 
to estimated background alluvial groundwater. The  list of elevated metals in bedrock 
groundwater will be amended to include nickel in wells 59-86 (up to 0.15 mg/l) and  
62-86 (up to 0.10 mg/l) if actual background nickel concentrations are similar to the 
estimated background concentration. 

. 
r' 

Section 5.0, Comment 25 

Since no background data are subnritted for tritium, Sr89,90 and Cs137, it cannot be 
determined whether elevated levels exist in groundwater at the 881 Hillside. Elevated 
levels of uranium are indicated in shallow groundwater at SWMU 119.1 in addition to the 
elevated levels detected south of Building 881. Uranium levels in bedrock groundwater are 
elevated with respect to the proposed background levels at SWMU 119.1 and south o f  0 
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Building 881. One of the groundwater samples f rom well 3-87 Br does contain elevated 
uranium levels, so that aiiy conclusions concerning the connection with overlying shallow 
groundwater may  not be appropriate. 

e 
Resoonse to Section 5.0. Comment 25 

Background groundwater samples collected during implementation of the Plant-wide 
background characterization will be analyzed for cesium 137, tritium, and strontium 
89,90, and these da ta  will be submitted with the f inal  RI report. 

Dissolved uranium is elevated in wells 2-87, 9-74, and 43-87 (Tables 16, 19, and 20). In 
addition, dissolved uranium is elevated at  SWMU 119.1 in shallow bedrock well 5-87BR 
(Table 20); although it is not elevated in bedrock south of Building 881 a t  well 3-87BR 
(Table 19). 

Section 5.0. Comment 26 

The detection limit for the uranium in groundwater analyses prevents discussions related to 
the U235 to U238 ratios. 

ResDonse to Section 5.0. Comment 26 

The  minimum detectable activities (MDAs) for  groundwater sample analyses were not 
low enough to adequately detect environmental levels of these radionuclides. The 
MDAs in the E R  Program January 1989 Quality Assurance/Quality Control (QA/QC) 
Plan are  low enough to establish background concentrations for  plutonium, americium, 
and  uranium and are  well below any  regulatory limits. 

As discussed in the response to Section 4.0, Comment 8, uranium 235 activity 
represents approximately two percent of the total alpha activity of natural uranium. 
Thus, because of low activity of  uranium 235, a more useful ratio is that of uranium 
234 to uranium 238. 

Section 5.0. Comment 27 

- The groundwater analysis for only 8 of the HSL volatile organics makes conclusions 
regarding groundwater contamination dubious, especially in light o f  the detection o f  

r' presentation of blank data. Data for bedrock well 45-87 indicate the presence o f  
Bedrock well 5-87 contains 1,2 DCA, while 

I organics other than those now analyzed for in the soil and groundwater and the non- 

methylene chloride, acetone and chloroform. 
bedrock well 8-87 contains DCE. 

ResDonse to Section 5.0, Comment 27 

Section 5.0 Response 11 addresses the reason for  the limitation of the number of 
volatile organic analytes. Section 5.0 Response 20 addresses the issue of missing blank 
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data. 
along with associated blank data. 

Volatile organic groundwater sampling results are presented in Attachment E 0 
Methylene chloride was detected in samples f rom well 45-87BR on 11/23/87 (23 ug/l) 
and on 2/25/88 (12 ug/l). The November 1987 sample was a field split, and methylene 
chloride was detected at  only 1 ug/l in the associated laboratory blank. Applying a 
five times dilution factor to the blank value to correspond to the sample dilution 
results in a value of 5 ug/l methylene chloride for  the laboratory blank. Following 
U.S. €PA (1988) guidance (See Response to Section 4, Comment I O ) ,  this value is then 
multiplied by ten for  an adjusted blank value of  50 ug/l. As this blank result is 
greater than the value detected in the sample, the methylene chloride result f o r  this 
sample should be reported as undetected (23U ug/l). Methylene chloride was not 
detected in the routine quarterly sample associated with this field split. No laboratory 
blank was reported with the February sample, so laboratory contamination cannot be 
evaluated. However, methylene chloride was not detected in the April 1988 
groundwater sample from well 45-87BR. In summary, methylene chloride detections in 
samples f rom well 45-87BR are considered laboratory artificats. Quarterly monitoring 
will continue to verify this conclusion. 

Acetone was detected in the November 1987 field split for well 45-87BR at  210 ug/l; 
however, i t  was also detected in the associated laboratory blank at  40 ug/l .  Applying 
the f ive times dilution factor and the ten times rule for common laboratory 
contaminants (See Response to Section 4, Comment 10) this result is qualified as non- 
detected a t  210 ug/l. Acetone was undetected in  the routine quarterly sample 
associated with this field split. Acetone was again undetected in the February 1988 
sample, although i t  was estimated below the detection limit (10 ug/l) at 5 ug/l in  the 
April 1988 sample. No laboratory blank was reported with this sample result, so 
laboratory contamination cannot be quantified. The  absence of acetone a t  well 45- 
87BR will be verified by continued sampling and  the analysis of laboratory blanks. 

:' 

Chloroform was detected in all samples from well 45-87BR. It was detected a t  18 ug/l 
in the November 1987 routine quarterly sample and  a t  37 ug/l in the November 1987 
field split. Chloroform was also present in the laboratory blank for the November 
1987 field split a t  1 ug/l. Adjusting the blank value for dilution and applying the 
f ive times rule, results in a blank value of 25 ug/l. Thus, chloroform in the field split 
cannot be at t r ibuted to laboratory artifact. In  February 1988, chloroform was 
detected a t  6 ug/l, and  in April 1988 it  was estimated below the detection limit of 5 
ug/l a t  3 ug/l. There are no laboratory blanks reported with the routine quarterly 
samples for this well; therefore, laboratory contamination cannot be evaluated. These 

I presence of chloroform a t  well 45-87BR will be fur ther  evaluated with additional 

- 

i= sampling and  analysis of laboratory blanks. I 

1,2-DCA was reported a t  6 ug/l for  well 5-87BR in June 1987. However, I,2-DCA was 
undetected in  the associated field split. In addition, 1,2-DCA has not been detected in 
samples f rom well 5-87BR in any previous or  subsequent sampling events (a total of 
six sampling events with two field splits). Because the value of 6 ug/l is so close to 
the detection l imit  (5 ug/l) and i t  has not been detected since, i t  is not considered 
significant. 

There were no concentrations of 1,l-DCE in well 8-87BR above detection limit. 1,l- 
DCE was estimated below the detection limit of 5 ug/i in sample number GW0887 at 2 
ug/l in June 1987; however, it was undetected in  the associated field split and  has 0 
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been undetected in all four  subsequent samplings. Therefore, 1,I-DCE is not 
considered a contaminant a t  well 8-87BR. 0 
Section 5.0. Conirnerit 28 

Volatile organics hnve beeit detected iit alluvial wells 10-74, 2-87, 4-87, 43-87, 52-87, 53-87, 

. 
54-87, 59-86, 6-87 atld 9-74. 

Resoonse to Section 5.0. Comment 28 

Volatile organics were referred to in the RI for  wells 9-74, 10-74, 4-87, 6-87, and 43-87 
(pp. 5-60). 

Methylene chloride and acetone were detected in the June 1987 sample collected from 
well 2-87; however, both compounds were also detected in the associated blank. 
Applying the ten times rule to the methylene chloride blank value of 2 ug/l, results in 
an  adjusted blank value of 20 ug/l. Thus, the sample value of 35 ug/l cannot be 
attributed to laboratory contamination if U.S. EPA (1988) guidance is strictly applied. 
Methylene chloride was also detected a t  well 2-87 a t  23 ug/l in the April 1988 
sampling event. N o  blank data were reported with this sample with which to quantify 
the effect  of laboratory contamination. The acetone value of 65 ug/l is attribued to 
laboratory ar t i fact  by applying the ten times rule to the blank value of 29 ug/l. 1,l- 
DCE was detected once in the July 1987 sample from well 2-87 a t  6 ug/l. Neither 
acetone nor 1,l-DCE have been detected a t  well 2-87 in subsequent sampling events. 
Continued monitoring with laboratory blank analyses will be performed to verify the 
lack of volatile organics a t  well 2-87. 0 
Methylene chloride and acetone were both detected in the November 1897 field split 
f rom well 52-87. However, both of these detections are attributable to laboratory 
contamination. A f ive times dilution factor was applied to this sample; therefore, a 
f ive  times dilution factor is also applied to the blank data (see Section 4.0 Response 
IO). The field spli t  values (21JB or  methylene chloride and 130B for acetone) fall  
within ten times the adjusted blank value. PCE was estimated below the detection 
limit (5 ug/l) a t  2 ug/l in the April 1988 sample from well 52-87. Continued 
monitoring and  analysis of laboratory blanks are  necessary to confirm the presence of 
PCE a t  this location. 

Volatile organics detected in well 53-87 in November 1987 were l,I,I-TCA (18 ug/l), 
carbon tetrachloride (6 ug/l), TCE (33 ug/l), and  toluene (11 ug/l). There was no 
laboratory blank reported with this sample; however, none of these compounds were 
detected in the f ie ld  split collected from well 53-87 on the same date. PCE was 
estimated below the detection limit of 5 ug/l a t  3 ug/l in the November 1987 field 
split from this well; although PCE was not detected in the routine sample. None of 
these compounds have been detected in subsequent samplings of well 53-87. Therefore, 
little significance is attached to their one time occurrance. 

- 

J 

T h e  common laboratory contaminant methylene chloride was again detected in two 
field splits f rom well 54-87. However, as the sample concentrations were within ten 
times the values detected in the associated laboratory blanks, they are considered 
laboratory contamination. Methylene chloride was not detected in the routine samples 
collected on the same date as the field splits fur ther  reinforcing this conclusion. e 
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Acetone was detected in one field split from well 54-87 (November 1987 sample). 
Again, this value is attr ibuted to laboratory art ifact ,  as the same concentration was 
detected in the associated laboratory blank. Acetone has not been detected in 
subsequent samples from 54-87. There were two isolated occurrances of volatile 
organics in well 54-87 which cannot be attributed to laboratory contamination. 
Chloroform was detected in the November 1987 routine sample a t  8 dg/l ,  and l , l , l -  
TCE was estimated a t  2 ug/l below the detection limit of 5 ug/l in the November 1987 
field split. However, neither of these compounds were detected in  subsequent samples 
f rom well 54-87, and  these isolated occurrances are not considered signilicant. 

Well 59-86 is completed in a subcropping Arapahoe sandstone in the 881 Hillside Area. 
Acetone was estimated below the the detection limit (5 ug/l) a t  2 ug/l in the October 
1986 sample from well 59-86. However, acetone was also detected a t  2 ug/l in the 
associated laboratory blank. Acetone is therefore considered a laboratory contaminant 
in this sample. I t  was not detected in the subsequent sample from this well. In 
conclusion, there a re  no volatile organic contaminants a t  well 59-86. 

Although most of the methylene chloride and acetone detections a re  within the range 
of associated laboratory blanks, some values cannot be conclusively attributed to 
laboratory contamination. As shown on Table 21, acetone, 2-butanone, and toluene are  
non-carcinogenic compounds. The carcinogenic risk associated with the maximum 
methylene chloride concentration detected is within Superfund clean-up guidance 
( I x ~ O - ~  to I x ~ O - ~ ) .  The hazard indices for  the maximum concentrations of all 
compounds are considerably less than one. In effect, the incremental risk associated 
with the presence of these compounds in groundwater is insignificant compared to the 
risk posed by other volatile organic compounds in groundwater a t  the  8 8 1  Hillside. 

Section 5.0. Comment 29 
-0 

Major ion levels are de finitely elevated in the groundwater in both alluvial and bedrock 
groundwater with respect to the proposed background major ion levels. 

ResDonse to Section 5.0. Comment 29 

Major ion levels a re  elevated with respect to estimated background levels. Section 4.0 
Response 5 and Section 5.0 Response 24 address the specific evidence that major ion 
levels in  alluvial groundwater are  elevated with respect to estimated background. c 

? Similarly, Section 5.0 Response 24 acknowledges that major ions i n  bedrock wells are 
r' elevated above estimated background. Additional Plant-wide background 

characterization studies are  being conducted in  1989 to fur ther  define the range of 
major ion concentrations in both alluvium and bedrock groundwater. 

Section 5.0. Comment 30 

The conclusions that uranium levels are of  natural origin and that the elevated levels of 
major ions and metals are the result of  a natural geochemical environment at the 881 
Hillside are not supported by the data. The geochemical environment at the hillside may be 
di fferent than the eitvironmeitt associated with the background wells, but this is probably 
due to the waste disposal activities at the 881 Hillside. If there are other sources in the e 
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general area responsible for  the elevation above what would be expected as a result o f  the 
881 footing drain. then the RI should characterize these sources. 

Resuonse to Section 5.0. Comment 30 

Uranium in groundwater a t  the 881 Hillside is considered natural uranium as opposed 
to uranium used in  Plant processes based on uranium isotope ratios as stated on Page 
5-56 of the R I  report. Pages 5-61 and  5-62 of the RI report fur ther  state that ‘I. . .the 
isotopic ratios indicate the uranium is probably of natural origin. Since there is no 
record of uranium contaminated wastes stored a t  these sites and  no uranium above 
background levels was detected in soil samples f rom these sites, i t  is hypothesized that 
acidic spills a t  the SWMUs may have leached natural  uranium from the soils.” Thus, 
elevated uranium concentrations are  not considered naturally occurring. Rather, 
natural  uranium in the soils a t  the 881 Hillside are hypothesized to have been 
mobilized by wastes stored at  the area. 

Section 5.0. Comment 31 

The evidence supporting the contention that the gravel lenses are discontinuous 
perpendicular to the slope and are pinched out along the slope should be summarized and 
presented in the R I. 

ResDonse to Section 5.0. Comment 31 

Colluvial materials are described on pages 5-3 through 5-5 of the RI report and  
presented graphically on cross sections of the 88 1 Hillside. Specifically, Cross Section 
E-E’ shows the downslope pinching of colluvial gravel layers, and  Cross Sections F-F’ 
and  H-H’ show the discontinuity of gravel lenses perpendicular to the slope of the 
hillside. Further  discussions of these data  will be provided in the f inal  RI  report. 

’ 
Section 5.0, Comment 32 

The d i f ferent  major ion chemistry in samples from bedrock and alluvial wells at SWMLJ 
119.1 may  reflect inherent geochemical differences, not a poor connection o f  groundwater 
flow. Vertical gradients in and of themselves do  not indicate a lack o f  continuous 
saturation. The high vertical gradient nteans only that there is a potential to f low to the 
bedrock. 

ResDonse to Section 5.0. Comment 32 

- 
. 

r’ 

Different  major ion chemistries f rom bedrock and  alluvial wells may reflect inherent 
geochemical differences in water quality. However, a poor connection between units 
is also implied by the differences in water quality. Vertical gradients alone do not 
indicate saturated or unsaturated conditions. They only indicate a potential for  
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downward flow. Downward ground-water flow rates are  also controlled by the 
vertical hydraulic conductivity of the intervening layers. 0 
Section 5.0, Comment 33 

The conclusion that iiranitim concentrations in shallow groundwater are in the range o f  
background is incorrect. The bedrock well associated with SCVMU 119.1 is also elevated 
with respect to the proposed backgrotind bedrock levels. 

ResDonse to Section 5.0. Comment 33 

Item 4 on page 5-61 of the R I  report states, "Radionuclide concentrations are generally 
equivalent to background concentrations exceot for  the uranium isotopes." Total 
dissolved uranium also appears elevated in shallow bedrock well 5-87BR (Table 20). 
However, additional radionuclide background data  will be collected during 1989 with 
which to fur ther  evaluate these conclusions. 

Section 5.0. Comment 34 

The delineation o f  shallow ground water volatile organic contamination is not benefited by  
the limited number o f  samples taken from wells 48-87 and 47-87. The determination that 
volatile organic contamination does not exist in the bedrock groundwater is not facilitated 
by  the analysis o f  only 8 volatile organics, which d o  not include organics which are 
contaminating the bedrock soils. The determination is also not facilitated by  the non- 
presentation o f  blank data associated with these analyses. This conclusion is not 
substantiated and would appear to be in conflict with the soil data presented fo r  bedrock. 

ResDonse to Section 5.0, Comment 34 

The Draf t  R I  reported results for one sample from 47-87, and  two samples from 48-87. 
The updated compilation of data still reports only one sample (and its split) for  47-87. 
Future sampling will supplement that data if possible; a t  last sampling (4/13/88), the 
well was dry. T h e  revised data report presents analyses for  four  samples f rom well 
48-87 (Attachment E). The two samples collected i n  1988 corroborate previous results; 
volatile organic compounds were not detected. 

The reason for  the  limitation of the number of volatile organic compounds analyzed is 
5 

I explained in Section 5 Response 11. 
r' 

Blank data a re  shown with the corresponding volatile organic analyses in the updated 
data  compilation (Attachment E). The only bedrock well sample which shows a 
volatile organic above detection limit is from well 45-87BR. Its acetone content was 
210 ug/l but acetone was also present in the lab blank; implying acetone not to be 
present a t  the detection limit of 210 ug/l (See response to Section 5 Comment 27) no 
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other volatiles were elevated in the sample; and its field split contained no detectable 0 volatile organics. 

The current compilations of volatile organic data  are  consistent with the conclusion in 
the Draf t  RI; the  bedrock is not contaminated by volatile organic compounds. 

Section 5.0, Comment 35 

Whether or not the selenium concentrations are consistent with a referenced finding is 
irrelevant in light o f  the background proposed for the plant and 88I Hillside. Since the 
vertical gradient does not in itself reflect level o f  saturation between wells and geochemical 
variation between shallow and bedrock groundwater systems may only reflect inherent 
geochemical differences, the conclusion that shallow and bedrock systems are not connected 
is not supported. This seems especially evident in light of  the soil contamination in the 
bedrock, the obvioiisly elevated inorganics and metals in the bedrock groundwater and the 
similarity in bedrock and shallow TDS and major ion levels. Although the SWMUs at the 
hillside may in fact have increased the levels o f  natural uranium in the groundwater, the 
detection limits for  uranium do not allow any conclusions to be made concerning isotopic 
ratios. 

ResDonse to Section 5.0. Comment 35 

Background groundwater quality data presented in the R I  report are considered 
estimates of actual  conditions at  this time. Additional background characterization 
studies are underway at  the Plant to further def ine background groundwater quality. 
Therefore, i t  was pointed out in the RI report, that  selenium concentrations in 
groundwater a t  t h e  881 Hillside a re  within the range reported for  the Golden area. 

The response to Section 5.0 Comment 23 addresses the interconnection of colluvial and 
bedrock groundwater based on water quality data  f rom wells a t  the 881 Hillside. 

As  discussed in  the  response Section 5.0 Comment 26, radionuclide detection limits will 
be low enough to determine uranium ratios during analysis of background 
groundwater samples. 

Section- 5.0. Comment 36 

. The decision to forego analysis o f  the groundwater for the HSL volatile organics limits the 
I conclusions regarding extent and character of contamination and makes conclusions 

concerning the connection o f  the shallow and bedrock groundwater systems dubious in light 
o f  the soil findings. The conclusion that most o f  the chemical differences result from 
natural environmental conditions, rather than from the SWMU is unsupported. 

Resuonse to Section 5.0. Comment 36 

Section 5.0 Response 11 explains the limitation of volatile analytes to only nine HSL 
compounds. This  limitation does not impair the conclusions regarding the extent and 
character of contamination because samples were analyzed for  the principal volatile 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE RI REPORT DATED 3/1/88 
24 FEBRUAILY 1989 PAGE 54 



organic contaminants from the Plant. Section 5.0 Response 20 provides related 
information on volatile organics in groundwater. 

Similarly, the limited number o f  volatile analytes does not preclude conclusions 
concerning the connection between shallow and bedrock groundwater. This assertion 
relies on discussions of possible soil contaminants in Responses 10 throQgh 21 (Section 
4.01, and  on discussions of alluvial-bedrock groundwater connections in Responses 23, 
32 and  35 of Section 5.0. 

Section 5.0, Comment 37 

None o f  the wells used to characterize SWMU 119.2 are located within the estimated 
location o f  SWMU 119.2. Well 62-86Br is not located within the SLYMU arid is probably not 
downgradient o f  the SiVMU. Chloroform is suspected as a laboratory contaminant but no 
data is presented to support the contention. The concliision that SWMU 119.2 is not 
contaminating the groundwater is unfounded, as it is based on inadequate data. 

Resoonse to Section 5.0. Comment 37 

Wells 44-87 and  45-87BR are located along the southern edge of SWMU 119.2, and 
alluvial well 50-87 is located approximately 140 feet south (and downgradient) of the 
southwest corner of  SWMU 119.2. In addition, wells 63-86 and  62-86BR (shallow 
bedrock well) a r e  located approximately 290 feet south-southeast of SWMU 119.2. 
These wells are  downgradient of SWMU 119.2 based on potentiometric surface maps of 
the 881 Hillside Area. However, alluvial well 63-86 has been dry  since its installation 
indicating colluvial materials in this area a re  unsaturated. Well 50-87 is also 
downgradient of SWMU 119.2 based on potentiometric surface maps of the areas. 
Bedrock well 62-86BR is completed in a shallow sandstone which is overlain by 3.3 
feet  of Arapahoe claystone and  22 feet  of colluvial material. Assuming the sandstone 
in this well is continuous and assuming a seven degree dip, the sandstone in well 62- 
86BR subcrops approximately 226 feet  west of the well and approximately 180 feet  
due south of SWMU 119.2. Assuming the bedrock sandstone is recharged a t  its 
subcrop, well 62-86 does intercept ground water exiting SWMU 119.2. 

I 

Section 5.0, Comment 38 - 
The fact that the same elevated constituents are present in Woman Creek alluvium as are 
found at the hillside and these constituents are elevated with respect to the upgradient 
valley fill concentrations indicates that 881 Hillside is impacting Woman Creek valley fill 
alluvium and as a result is also impacting Woman Creek. The determination o f  health or 
environmental hazard must be evaluated in the risk assessment and an ARARs  review. The 

? 

r' 
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contention that the differences niaV result front discharges of colluvial groundwater with 
ltAtllrAlly d i f ferent  chemistry is conjecture and icnsupported. 

ResDonse to Section 5.0. Comment 38 

Section 2.0 Response 1 discusses volatile organics in the Woman Creek surface water. 
Section 6.0 Responses 1 and 6 clarify why an  ARAR analysis and a risk assessment are 
not required f o r  potential off-site releases f rom Woman Creek a t  this time. 

Section 5.0, Comment 39 

The conclusions preseiited in Sectioii 5.5 are unsupported by the data presented in the RI. 

Resoonse to Section 5.0. Comment 39 

Volatile organic groundwater degradation south of Building 881 and  south of SWMU 
119.1 is the central  conclusion of the R I  report. Elevated concentrations of major ions 
and  select metals are  a second conclusion of the R I  report. Both of these conclusions 
a re  supported by the data presented. Additional background characterization will be 
performed a t  Rocky Flats Plant in 1989 which will aid in fur ther  definit ion of metal, 
radionuclide, a n d  major ion contamination. Results of this background study will be 
incorporated into the final RI  report. 
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SECTION 6.0 SURFACE WATER 

Section 6.0. Comment I 

The South Interceptor Ditch (SID)  does not isolate 881 Hillside runoff from Woman Creek. 

Response to Section 6.0. Comment 1 

The South Interceptor Ditch (SID) prevents uncontrolled surface water releases to the 
881 Hillside from reaching Woman Creek. The SID, located between the 881 Hillside 
and Woman Creek, extends east f rom the old landfil l  to Pond C-2 in the Woman Creek 
drainage. Surface water flowing in an  easterly direction along the SID is collected in 
Pond C-2. A diversion structure, located upstream of Pond C-2, diverts flow in 
Woman Creek around Pond C-2 and  into the Woman Creek channel downstream of 
Pond C-2. Refer to Response 2 below as well. 

The Pond C-2 water, derived from the SID, is discharged to Woman Creek in 
accordance with the Plant NPDES permit. The permitted discharge point is designated 
007. The water discharged a t  this point is sampled on a regular basis. 

The interconnection between colluvial groundwater and the SID will be fur ther  
investigated during the Phase I1 RI. Monitoring wells will installed along the berms of 
the SID for  comparison of water levels and  water quality between the SID and 
colluvial groundwater. 

Section 6.0. Comment 2 

The comparison of  SW-36, sampled in August, 1986 to SW-35, sampled in May, 1987 is 
dubious. May is generally a much wetter month and constituent concentrations would be 
expected to be lower than when sampled in August. What is the purpose of  comparing SW- 
35 to SIV-36 since they are both upgradient of 881 Hillside? Speculation about 
contamination at STV-35 is inappropriate, as no data are presented to support the contention 
that the organics present represent laboratory artifact. 

Response to Section 6.0. Comment 2 

The comparison of SW-36 (August, 1986) to SW-35 (May, 1987) was made because they 
were the only available data for  these two sites. Surface water samples were collected 
in June 1988 which will be included in the revised R I  report. 

SW-36 and SW-35 sampling sites are  discussed together in  a n  attempt to establish 
surface water quali ty upstream of the 881 Hillside. These upgradient data were used 
to evaluate the effects of the 881 Hillside on surface water quality. Comparison of 
SW-35 with SW-36 provides some evaluation of the water variability within the 
upgradient zone. 

Based on the discussion in the R I  report on page 6-13, the RI team believes this is 
adequate evidence to conclude that  carbon tetrachloride and  toluene detected in  all 
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surface water samples is probably due to laboratory contamination or analytical error 
occurring between 11/10/88 and 11/17/88 (See Response to Section 2.0 Comment 1). 
Complete blank d a t a  are presented in Attachment F for  volatile and semivolatile 
compounds, respectively, and will be included in the revised RI. 

Section 6.0, Comment 3 

Why is sodium considered a conservative tracer? Soditcnz is a commonly used element for 
cation exchange. The data presented in an attempt to relate the elevated iiraniwn levels to 
sources other than 881 Hillside are inconclusive and may indicate that the SID 0r1ly 
irttercepts alluvial groiindwater during hydrologic events. 

Resoonse to Section 6.0. Comment 3 

Sodium i s  a conservative groundwater tracer because i t  tends to remain in solution 
once i t  has a t ta ined that status (Hem, 1970). There are no important precipitation 
reactions that control sodium concentrations in water, in the manner that carbonate 
precipitation controls calcium concentrations (Hem, 1970). 

Table 22 presents uranium 234 and  uranium 238 results for  the spring 1988 sampling 
of stations SW-36, SW-35, SW-66, SW-45, and SW-44. Values are  most elevated above 
estimated background at  upstream station SW-36 where uranium 238 was detected at  
35 L 1.9 pCi/l, a n d  uranium 234 was detected a t  6.9 0.9 pCi/l. SW-35, located 
directly upstream of the 881 Hillside, showed near background levels of uranium 238 
and  uranium 234 (0.84 5 0.48 pCi/l and 1.5 L 0.55 pCi/l, respectively). Iminediately 
downstream of the  881 Hillside at  SW-66, uranium 238 was detected at  2.7 L 0.3 pCi/l 
and  uranium 234 was detected a t  2.1 0.26 pCi/l. Stations SW-45 and SW-46 are 
located within the  881 Hillside Area and are representative of surface water leaving 
the Building 881 foundation drain before it enters the SID. Uranium was slightly 
elevated a t  both of  these locations. At station SW-45 uranium 238 and uranium 234 
were detected a t  4.4 L 0.74 and 5.8 0.82, respectively, and a t  3.9 k 0.58 and 4.6 2 0.67 
pCi/l, respectively a t  station SW-46. 

Data from station SW-36 suggest that  another source of the elevated uranium occurs 
upstream of the 881 Hillside on the SID. However, data f rom stations SW-45 and SW- 
46 do not rule out  the possibility that  some uranium is derived f r o m  the 881 Hillside 
Area as well. Additional background surface water quality data  will be collected at  
the Plant during 1989. These data will be used to reevaluate surface water sampling 
results from the 881 Hillside Area. 

- 

r' 

Section 6.0, Comment 4 

It is important that detection of volatile organics at SW-30 and BNA compotinds at SW-27 
be given significance iintil data negates the significance of  the detection. 

Resoonse to Section 6.0. Comment 4 

Seven ug/l of carbon tetrachloride were detected a t  station SW-30, not 7 ug/l of l , l , l -  
trichloroethane as stated in the R I  report. Twelve ug/l of toluene were also detected 
in the November 1987 sample from station SW-30. There were no laboratory blank 0 
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data reported with these surface water sampling results, so no conclusions can be 
drawn regarding laboratory contamination of the samples. However, as discussed in 
Section 2.0 Response 1, laboratory results for  November 1987 are  suspect. In addition, 
ncither carbon tetrachloride nor toluene were detected in the subsequent June 1988 
sampling event. Further sampling and analysis is required to verify the lack of 
volatile organics in surface water a t  this location. . 
Station SW-27 was the only surface water station where HSL base neutral/acid (BNA) 
compounds were dctected above detection limits. The N-nitrosodiphenylamine value is 
associated with a laboratory blank; however, there was no phenol or  2-methylphenol 
detected in the blanks run  with these analyses. Phenol and  2-methylphenol are 
potential semivolatile contaminants a t  SW-27 in August 1986; however, additional 
sampling and analysis is required to fur ther  characterize surface water quality a t  this 
station. 

Section 6.0. Comment 5 

The major ion levels detected in Pond C-2 are elevated with respect to SW-35. No data are 
presented in the RI f o r  SW-37. How do  the levels at SW-37 compare to proposed 
background? This station may  be impacted by  the old landfill. The levels of radioactive 
constituents, inorganics and metals detected in pond C-2 are elevated with respect to SW-42. 

ResDonse to Section 6.0. Comment 5 

The  discharge from Pond C-2 (discharge point 007) is monitored in accordance with 
the Plant NPDES permit. The  maximum concentrations of radionuclides reported for  
the NPDES discharge from Pond C-2 are  consistent with the interpretation that 
uranium 238 is being diluted and/or attenuated downstream in the interceptor ditch 
and in Pond C-2. 

The  farthest upstream surface water station that had flow during the August 1986 
sampling activities was SW-36. SW-37 and SW-38 were dry. At station SW-36, 
downstream of the old landfil l  but upstream of the 881 Hillside, radionuclides and 
metals were elevated with respect to estimated background. 

- Section 6.0, Comment 6 

1 Although the SID may in fhc t  be impacted by sites upstream f r o m  881 Hillside. the RI 
does not determine whether SWMUs associated with 881 impact the interceptor ditch. r' 

ResDonse to Section 6.0. Comment 6 

In general, i t  appears that  the SID is largely impacted by sites upstream of the 881 
Hillside Area. T h e  outfall f rom the Building 881 foundation drain (SW-44, SW-45, and 
SW-46) also influences the quality of the surface water in the SID to some degree. 

I 
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However, these conclusions will be reevaluated subsequent to additional background 
surface water sampling which is being performed in 1989. 0 
Section 6.0. Commeiit 7 

The detection o f  toluene, carbon tetrachloride and TCE at SlV-4 I or SIV-32 cannot presently 
be dismissed, as no data support such a conclusion. No radioactive data are presented fo r  
“-33. The sample of SV-32. taken on May 26, 1987, is elevated with respect to the 
radioactive ranges presented in Table 6-8. The detection of carbon tetrachloride, TCE and 
toluene in a sample raken f r o m  station SW-29 cannot be discounted until there are data to 
support such a concliision. The concliisions that 881 Hillside is not impacting the S I D  or 
Woman Creek with respect to radioniiclides or volatile organics are diibioiis. 

ResDonse to Section 6.0, Comment 7 

The detection of toluene, carbon tetrachloride, and TCE in SW-41 or SW-32 should not 
be presently dismissed; however, it seems unusual that  the only detectable 
concentrations of volatile organics occur between sample dates 11/10/87 and 11/17/87. 
These elevated analytes occur over an extensive surface area, and every sample 
collected during this  time period showed elevated values. These values appear to be 
the result of laboratory artifact; however, there are no laboratory blank data to verify 
this hypothesis (See Section 2.0 Response 1). 

SW-33 site was dry;  therefore, no radionuclide data  are  presented for  this station. 

Station SW-32 did exhibit uranium 234, but not uranium 238, elevated with respect to 
surface water background (2.9 & 1.9 pCi/l and 1.2 2 1.3 pCi/l, respectively) on May 26, 
1987. However, f o r  August 1986, these values were not elevated (0.03 2 0.13 pCi/l and 
0.04 2 0.11 pCi/l f o r  uranium 234 and  uranium 238, respectively). All of these values 
are  very close to  the current estimate of background water quality. Background 
surface water chemistry will be better characterized during 1989, and existing surface 
water quality d a t a  will be reevaluated with respect to new background ranges. 

’ 
Section 6.0, Comment 8 

- The RI  does not present laboratory blanks with the sediment data. This is necessary in 
order to discount the detection o f  acetone and methylene chloride fotrnd in the sediments. 
The R I  does not present the SED-I5 data fo r  inorganics and metals. 

ResDonse to Section 6.0. Comment 8 

t 
r‘ 

Attachment G presents volatile and  semivolatile sediment sampling results along with 
associated laboratory blank data. These data  show that methylene chloride and 
acetone detected i n  sediment samples were also detected in  laboratory blanks and are  
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therefore a t t r ibuted to laboratory contamination. 
inorganic and  metals data for station SED-15. 

Also included in  Attachment G are  
0 

Section 6.0. Coninieitt 9 

In addition to the elevated plutonium found in SED-1 and SED-2, U238 is elevated in 
SED-2, U233,234 is elevated in both SED-I and SED-2 and tritium is elevated in both 
SED-1 and SED-2 with respect to the data for SED-15. 

ResDonse to Section 6.0. Comment 9 

Uranium 233, 234, 238, and tritium are not considered elevated due to the overlap of 
the error terms between the upstream and downstream values. Additional background 
characterization a n d  downstream sampling and  analysis are required to draw a f i r m  
conclusion. 
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SECTION 9.0: PUBLIC HEALTH AND ENVIRONMENTAL CONCERNS 
0 

Section 9.0. Comment I 

The evaluations presented in this section are generally based on the acceptaiice o f  proposed 
background levels f o r  constituents and the resulting qualitative coitcliisioris concerning 
extent and nature o f  contamination. The interpretation of the raw data as presented in the 
RI and the conclusions associated with the interpretatioii of the raw data are unsupported. 
This prevents this section f rom adequately addressing public health and environniental 
concerns. 

ResDonse to Section 9.0. Comment 1 

There is a lack of background characterization for  both the alluvial and bedrock 
ground-water systems. Many of the "background" wells used f o r  the RI report are  
within the West Spray Field and are  potentially impacted. Forty-five new background 
wells will be installed and  sampled during 1989 to clarify many important questions 
concerning natural versus impacted geochemical variation. 

As noted in Section 6.0 Response 1, the South Interceptor Ditch (SID) isolates runoff 
f rom the south side of the Plant (including the 881 Hillside) f rom Woman Creek. The 
Pond C-2 water, derived from the SID, is discharged to Woman Creek in accordance 
with the Plant's EPA National Pollutant Discharge Elimination System (NPDES) 
permit. Prior to discharge from Pond C-2, water is sampled and  analyzed for  gross 
alpha, gross beta, tritium, gamma activity, pH, nitrate as nitrogen (N), and nonvolatile 
suspended solids (Rockwell International, 1987b). Water is not released if the Plant 
action level for  a n y  parameter is exceeded. In general, these action levels are based on 
Colorado Department of Health (CDH) drinking water standards and EPA NPDES 
permit limitations (Rockwell International, 1987b). 

During releases f r o m  Pond C-2 in 1987, water was sampled continuously and analyzed 
for  plutonium, uranium, americium, tritium, pH, nitrate as nitrogen, and nonvolatile 
suspended solids (Rockwell International, 1987b). Also, groundwater was monitored in 
the Woman Creek drainage on the eastern boundary of the Plant (monitor wells 1-86 

contaminants have not been detected in downgradient wells, public health and 
and  66-86). Considering these off-site releases are  strictly monitored, and elevated z 

environmental concerns are  not justified. - 

8 

Section 9.0, Comment 2 

The evaluation o f  public health concerns should iizclude an estimate o f  the population at 
risk f r o m  the groundwater pathway. 

Resoonse to Section 9.0. Comment 2 

Although there a r e  no significant imminent risks to the population posed by 
contaminants in the groundwater a t  the 881 Hillside, Standley Lake is the ultimate 
receptor of this water. Standley Lake serves as the municipal drinking water source 0 
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for  Westminster, Northglenn, and Thornton. This would affect  approximately 150,000 
people based on  the 1980 estimates (U.S. DOE, 1980). 0 
Section 9.0. Comment 3 

The ecological risk assessment is lacking in sufficient detail to determine the quality of the 
conclusions presented. Historical surveys of indigenous fauna are not described or 
referenced. The parameters o f  intportance and the procedures for the determination of  
ecological stress are )tot presented. 

ResDonse to Section 9.0. Comment 3 

An annotated list o f  species occurring a t  Rocky Flats is given in Appendix H of the 
R I  report. Also in this appendix is a list of references pertaining to this discussion 
(pg. H-2). These refcrences will be reviewed and  incorporated into the final R I  report. 
If necessary, additional studies will be performed following the review of existing 
data. 
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ANALYTICAL PROGRAM, O U A L I T Y  A S S U R A N C E  AND D A T A  hlANAGEMENT 

Comment I 

The analytical program as presented does not provide the quantitative data quality that is 
needed to conduct the feasibility study. The generic QA/QC plan does 'not define site- 
speci f ie  data quality objectives (DQO). The laboratory QA/QC and data management do 
not allow adequate site characterization. which may require that additional samples be 
collected and analjvzed using proper QA/QC methods and practices to verify or re fine 
existing data. The required site-specific DQOs concerning analytical methods, detection 
limits and QA sampling and analysis must be developed to ensure that the produced data 
fi l l  fill the intended purpose. 

ResDonse to Commcnt 1 

The formulation of  data quality objectives (DQOs) is a top-down process requiring the 
participation of decision-makers a t  EPA, CDH, DOE, and Rockwell. Defining these 
objectives and reaching a consensus among the decision-makers within the imposed 
Phase I1 RI schedule was not feasible. Developing DQOs for  the 881 Hillside now, 
a f te r  the work has been completed, is of questionable value. In retrospect, DQOS 
should have been developed concurrently with the R I  work effort .  However, DQOS 
are  primarily a management tool and do not actually ensure that data fulfi l l  their 
intended purposes. Only a comprehensive, effective QA/QC program aimed at  
producing data  of known and documented quality can ensure that useful data are  
produced. 

The ER Program QA/QC Program is currently being revised. The  revised ER Program 
QA/QC Plan f o r  Rocky Flats Plant includes the following elements designed to 
produce data of known and documented quality. 

1) Overall ER Program data  quality objectives. 

2) Procedures for reviewing and validating analytical data  generated for  
ER Program studies. 

3) Specifications for  developing site-specif ic Quality Assurance Project 
Plans. Specifications are  included for  developing site-specific DQOs and 
site-specif ic sampling and analysis plans prior to field work. 5 

I Site-specific quality-af fecting and quality-related activities must then be developed 
r' consistent with these ER Program QA/QC requirements. 

The extent to which additional samples need to be collected and analyzed to verify or 
refine existing d a t a  will be determined based on review and validation of the 881 
Hillside RI sample data. This activity is now on-going and will be completed for  the 
f inal  R I  report. 
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Comment 2 

The frequency with which contaminant detections were attributed 
contamination and the detection of contaminants in the laboratory blank3 
The absence o f  the blank data f r o m  the RI is problematic. 

to laboratory 
is problematic. 

Resuonse to Comment 2 

Due to the tight time schedule imposed on the RI field work and resulting report 
preparation, there was difficulty including all data in the existing data base. As a 
result, blank data  were not included in the report, although they had been received 
from the laboratory and were incorporated into data  interpretations. All available 
blank data for  soils, ground water, and surface water sampling results are presented 
with these responses and have been input to the computer da ta  base for inclusion in 
the final RI report. Interpretation of the laboratory contamination is based upon the 
EPA's data validation guidelines. 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE RI REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE 65 



. 

881 HILLSIDE 

FEASIBILITY STUDY REPORT 

RESPONSES TO EPA COMMENTS 

ROCKWELL INTERNATIONAL 

U.S. DOE 

ROCKYFLATSPLANT 

24 FEBRUARY 1989 



ANNOTATED TABLE OF CONTENTS 
FOR 

RESPONSES TO EPA COMMENTS 
ON THE DRAFT 881 HILLSIDE FS REPORT 

SECTION 1.0: INTRODUCTION 

COMMENT NO. DESCRIPTION PAGE 

1 Remedial Alternative Assessment ................................................. 1 

2 Bedrock Contamination/SWMU Characterization ................ 2 

3 Background Characterization .......................................................... 2 

4 

5 

6 

SWMU 119.1 /Bedrock Contamination/Groundwater 
Communication ...................................................................................... 3 

Organic a n  Radionuclide in Surface Water/ 
Surface Water Release ........................................................................ 3 

Contamination of Bedrock and  Woman Creek Alluvium 
Background Characterization ......................................................... 4 

Organics in  Soil ..................................................................................... 4 7 

8 Pond C-2 Contamination ................................................................... 5 

9 PCE .............................................................................................................. 5 

10 Environmental Assessment ............................................................... 6 

11 Public Health/Risk Assessment ..................................................... 6 

12 ARARS ....................................................................................................... 6 

Future  Land Use ................................................................................... 7 13 

SECTION 2.0: SCREENING O F  REMEDIAL ACTION TECHNOLOGIES 

COMMENT NO. DESCRIPTION PAGE 

1 Selection and Screening of Remedial Technologies ............ 8 

2 Screening of Remedial Technologies/Bedrock 
Contamination ........................................................................................ 8 

3 Radionuclides in Soils/Background Characterization ........ 9 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE FS REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE i 



SECTION 2.0: SCREENING O F  REMEDIAL ACTION TECHNOLOGIES (Continued) 

COMMENT NO . DESCRIPTION PAGE 

4 Screening of Technologies /Well Arrays ............... .................. 9 

5 Subsurface Drains and Barrier .................................................... 10 

6 Capping .................................................................................................... 10 

7 Vitrification .......................................................................................... 11 

8 Soil Flushing .......................................................................................... 11  

9 In Situ Aeration ................................................................................... 11 

10 In Situ Anaerobic ................................................................................ 12 

11 In Situ Carbon Absorption ............................................................. 12 

12 Wet Air Oxidation/Supercritical Water/Cost 

0 

Criteria ..................................................................................................... 12 

13 Reverse Osmosis ................................................................................... 13 

14 Chemical Oxidation ........................................................................... 13 

15 Steam Stripping .................................................................................... 14 
0 

SECTION 3.0: SCREENING O F  REMEDIAL ALTERNATIVES 

COMMENT NO . DESCRIPTION PAGE 

1 

2 

3 

4 

5 

6 

7 

8 

Effectiveness. Implementability and Cost .............................. 15 

Treatment of  Contaminants ........................................................... 15 

No Action ................................................................................................ 16 

Line of Wells with Treatment ...................................................... 16 

French Drain ......................................................................................... 17 

French Drain with Soil Flushing ................................................ 18 

Total Encapsulation ........................................................................... 18 

Treatment of  Source Well and  Footing Drain 
Flow ........................................................................................................... 19 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE FS REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE ii 

. 



SECTION 3.0: S C R E E N I N G  O F  REMEDIAL ALTERNATIVES (Continued) 

COMMENT NO . DESCRIPTION P A G E  

French Drain with Soil Removal .............................. i' ................ 19 

Summary o f  Screening Results .................................................... 20 

0 
9 

10 

SECTION 4.0: D E T A I L E D  EVALUATION OF REMEDIAL A L T E R N A T I V E S  

COMMENT NO . DESCRIPTION PAGE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Post Screening Investigations/March 1988 
R I / F S  Guidance ................................................................................... 21 

March 1988 R I / F S  Guidance ........................................................ 21 

Treatment o f  Contaminants ........................................................... 21 

Eff iciencies o f  Treatment .............................................................. 22 

Carbon Absorption o f  Radionuclide ......................................... 2 2  

Bench Scale Testing/UV/Peroxide Treatment ..................... 22 

French Drain ......................................................................................... 23 

Total  Encapsulation ........................................................................... 23 

Source Well and Footing Drain .................................................... 2 4  

Treatment Technologies ................................................................... 2 4  

1 1  Appendix 3 ............................................................................................. 2 4  

. 
APPENDIX 1: R I S K  ASSESSMENT 

COMMENT NO . DESCRIPTION P A G E  

General Risk  Evaluation ................................................................. 25 

? 

I 

1 

2 Indicator Chemical Selection/Groundwater 
Contamination ...................................................................................... 25 

3 

4 

Radionuclides in Groundwater .................................................... 25 

Indication Chemical Selection ...................................................... 26 

5 Surface Water Contamination ....................................................... 26 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE FS REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE iii 



APPENDIX 1: R I S K  ASSESSMENT (Continued) 

COMMENT NO . DESCRIPTION PAGE 

6 PCE in Ambient Air ......................................................... ................ 27 

7 Background Range ............................................................................. 27 

8 Radionuclides in Groundwater .................................................... 27 

9 Organics, Strontium and Uranium in Surface 
Water ......................................................................................................... 28 

Uranium and Inorganics in Ponds C-1 and C-2 .................. 30 

PCE in Ambient Air .......................................................................... 31 

0 

10 

11 

1 

r' 

. 

PAGE 

APPENDIX 2: ARARs 

COMMENT NO . DESCRIPTION 

CHEMICAL SPECIFIC ARARs ANALYSIS 

1 

2 

3 

4 

5 

6 

Geometric Mean/ARARs Analysis ............................................. 32 

ARARs for Soil and Bedrock Groundwater ......................... 32 

ARAR/Drinking Water Standards ............................................. 33 

Chemical Specific A R A R s  ............................................................. 34 

Volatile Organics/ARAR Analysis ............................................ 34 

Ambient Air/Organic Chemicals ................................................ 35 

7 

8 

9 

10 

1 1  

12 

13 

14 

Relevant and Appropriate MCLGs ............................................ 35 

Chemical Specific A R A R s  ............................................................. 36 

Background Range/Below MCLs ................................................. 36 

CDH Water Quality Standards for Metals ............................. 36 

CDH Water Quality Standards for Metals ............................. 37 

MCLGs for  ARARs ............................................................................ 37 

CDH Water Quality Standards ..................................................... 37 

Temperature and pH Changes During Remediation ......... 38 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE FS REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE iv 



APPENDIX 2: ARARs (Continued) 

COMMENT NO. DESCRIPTION PAGE 

SDWA MCLs for  Radionuclides ................................ ,. ................ 38 

SDWA MCLs for Radionuclides .................................................. 39 

15 

16 

ACTION SPECIFIC ARARs ANALYSIS 

COMMENT NO. DESCRIPTION PAGE 

1 Soil and Groundwater Separation .............................................. 40 

4 

5 

Groundwater and  Surface Water Interconnection/ 
Best Available Technology ............................................................. 40 

RCRA Requirements ......................................................................... 40 

RCRA Requirements ......................................................................... 40 

EPA’s Off-site Policy ........................................................................ 40 

6 RCRA Disposal Requirements ..................................................... 40 

- 
LOCATION SPECIFIC ARARs ANALYSIS 

COMMENT NO. DESCRIPTION PAGE 

1 Siting Requirements .......................................................................... 42 

REFERENCES ......................................................................................................................................... 43 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE FS REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE v 



R E S P O N S E S  T O  E P A  COMMENTS 
881 H I L L S I D E  FS R E P O R T  

DATED 3/1/88 

S P E C I F I C  COMMENTS - 

SECTION 1 .O: I N T R O D U C T I O N  

Section 1.0. Comment I 

The assessment of the feasibility study (FS) proposed alternatives skoiild also corisider 
short term effectiveness, long term effectiveness and permanence. contntiinity acceptance, 
state acceptance and reduction o f  toxicity, mobility or volume. These elements of the 
remedial alternative assessment should be included and be addressed to each allernalive in 
addition to the five elements proposed on page 1-3 of  the FS. 

Response to Section 1.0. Comment 1 

Short term effectiveness,  long term effectiveness and permanencc, community 
acceptance, state acceptance, and toxicity,  mobility or volume reduction are criteria 
developed pursuant to S A R A  a n d  documented in the March 1988 Guidance for 
Conducting Remedial  Investigations and Feasibil i ty Studies Under C E R C L A  (Draft). 
T h e  guidance was not available at the time o f  report preparation; however, with the 
exception of state acceptance, community acceptance, and short term effectiveness,  
these criteria a r e  delineated in Section 3.1 o f  the FS. Although all o f  these criteria 
should have been delineated in the introduction f o r  completeness, the consideration of 
these criteria was a factor in the selection o f  the  preferred alternative. 

-0  

C R I T E R I A  ACTION ADDRESSING C R I T E R I A  

Short term effectiveness pumping well 9-74 

Long term effectiveness 

Community Acceptance 

State Acceptance 

Reduction in 
Toxicity,  Mobility,  
Volume 

collection o f  all  contaminated 
groundwater 

using UV/Peroxide vs. 
stripping w/o off-gas 
controls; identifying public 
opposition 

clean-up will meet or exceed 
ARARs 

using UV/Peroxide 

I n  revising the FS, these criteria will be specifically addressed in the detailed 
evaluation o f  alternatives.  e 
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Section 1.0, Conznteiit 2 

The data presented in the RI do not support the statement made in Section 1.2.1 that 
groundwater in the bedrock appears non-impacted b-v the activities at th> SEVMUs o f  881 
Hillside. The division o f  881 Hillside into two general areas o f  contnminalion may not be 
appropriate in light o f  the poor characterization o f  SCVMW 104. 130. I 19.2. The statement 
made in Section 1.2.3 that SWMUs other than 103, 106. 107 and 119.1 are not 
contaminating groundwater is doubtful. 

ResDonse to Section 1.0. Comment 2 

SWMUs 103, 106, 107, and 119 appear to be potential sources of groundwater 
contamination based on concentrations of volatiles in soil gas and/or  soils. Bedrock 
groundwater contamination is discussed in response to RI Section 5.0 Comments 21, 23, 
24, 25, 29, and  34. 

The division of  contamination into two general areas is primarily a means of 
presenting analytical results with regard to the geographic grouping of SWMUs (RI pp 
5-50), and for  addressing remediation in the FS. If results f rom future sampling 
efforts demonstrate that contamination is not similarly grouped, such observations will 
be reported accordingly. 

The preferred alternative of  using a French drain will effectively collect all shallow 
groundwater f r o m  the 881 Hillside. Therefore, the design of the FS addresses 
remediation of all SWMUs regardless of their potential contribution to groundwater 
contamination. 

0 
It  is appropriate to divide the alluvial groundwater contamination into two areas on 
the basis of migration pathways and  risks because: 1) the footing drain discharges 
contaminated water to surface water; 2) the most highly contaminated groundwater is 
in the vicinity of well 9-74; and 3) other sources of groundwater contamination are 
contained by the French drain. 

- Section 1.0. Comrneiit 3 

The statements made in Section 1.2.1.1 concerning the chemical conditions south o f  Building 
881 are qualitative and do not reflect the reality o f  the data presented in the RI. The 
different geochemical environment postulated as the cause for elevated selenium is 
probably a result o f  the past waste management practices at the hillside. The statements 
concerning elevated volatiles and uranium levels are unsupported by the data presented in 
the RI. I f  other sources are responsible for elevated constituents, then these sources should 
be characterized. I f  background data for the colluvium systems mantling the 881 Hillside 
have not been characterized, then no conclusions can be made concerning the 
characterization o f  the contamination of the hillside and the FS becomes unsupportable. 

z 
r' 

Resoonse to Section 1.0. Comment 3 

Due to time limitations imposed by the Compliance Agreement with the Colorado 
Department of Health and the Environmental Protection Agency, field work leading to 0 
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revisions of the J u l y  1987 Draf t  R I  Report a n d  preparation of the March 1988 Draf t  
RI  and FS reports were conducted concurrently. As a result, background 
characterization was inadequate a t  the t ime of the FS preparation. Rockwell 
International is currently involved in the development and implementation of a 
comprehensive program for background characterization of both soil and groundwater. 
Additional soils da ta  are expected to be available in four to six months from program 
authorization. Additional reliable and meaningful groundwater data will not be 
available for six to nine months from program authorization. 

0 

Although there may be elevated inorganic constituents above chemical specific ARARs 
that, as yet, cannot be conclusively determined to be contaminants, greater that  99 
percent of the risk to the public health posed by the site is attributable to organic 
contamination. Organic contamination is well characterized; therefore, the FS is 
supported in this respect by the RI. 

Section 1.0. Comment 4 

The statements made in Section 1.2.1.2 concerning the chemical conditions in the vicinity o f  
SKWCJ 119.1 are qiialitative and unsupported by the data presented in the RI. Differing 
chemical makeup o f  groundwater in different geologic formations can be a restilt o f  the 
differences in the mineral content o f  the different formations and does not necessarily 
reflect poor connection between groundwater systems. The designation o f  geochemical 
environment as being responsible for the elevated strontium and tiraniiim is subjective and 
unsupported by the data. The conclusion that volatile compounds were non-detectable in the 
most shallow permeable zone in the bedrock, does not allow the conclusion that bedrock 
groundwater is uncontaminated. 

Resuonse to Section 1.0, Comment 4 

The statements i n  Section 1.2.1.2 will be revised in accordance with the with f ina l  RI 
report. The response to R I  Section 5.0 Comment 23 discusses the connection between 
groundwater systems based on chemical data,  and  the response to RI  Section 5.0 
Comment 30 addresses elevated uranium concentrations in alluvial groundwater. The 
text of the FS (pp 1-29) incorrectly states tha t  the absence of volatile compounds in 
shallow, permeable bedrock proves that there is no bedrock contamination of a n y  sort. 

contaminated with volatile organics. 
Rather, that absence represents compelling evidence that the bedrock is not - 

Section 1.0, Comment 5 I 

The disregard o f  the organics detected at surface water stations south of  the 881 Hillside 
is inappropriate. DOE/Rockwell must provide quantitative evidence that the stirface water 
is not affected by organic contamination prior to discounting the data. The data presented 
in the RI to eliminate the 881 Hillside as the source o f  the elevated uranium in the surface 
water are inconclusive. The data presented in the RI indicate that the sediments have 
elevated tritium, plutonium and uranium levels, Since the risk assessment attached as an 
appendix to the FS does riot address the surface water transport o f  contaminants, it is 
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0 

unclear how it was determined that chemical conditions o f  the siirface water do not pose a 
hazard to public health or the environment. 

Resoonse to Section 1.0. Comment 5 

T h e  response to RI Section 2.0 Comment 1 address volatile organics dcicctcd in  surface 
water at the 881 Hillside, and the response to RI Section 6.0 Comment 3 discusses 
uranium in s u r f a c e  water a t  the 881 Hillside. Radionuclide detections in sediments 
are discussed in response to RI Section 6.0 Comment 9. 

Section 1.0, Comment 6 

The statement that contamination does not extend to the Woninn Creek Alliiviitm is 
unsupported. What is meant by the statement that ground water coritamiriatiori does not 
extend into the permeable horizons of the bedrock? The Arapahoe formatiort is permeable. 
Dra vdown recovery tests o f  the weathered claystone indicate hydraiilic condiictii*ities in the 
IO-' range. Groundwater contained in the Arapahoe will migrate. possibly itito deeper, 
more productive aquifers o f  the Arapahoe. 

Resoonse to Section 1.0. Comment 6 

Section 1.2.2 of the  F S  report states that there is "a minor degradation of groundwater 
quality in the  downstream direction in the valley f i l l  alluvium." T h i s  degradation 
takes the f o r m  o f  slightly elevated T D S  and detectable concentrations of strontium. 
T h e  statement on  page 1-31 o f  the  FS report refers to the lack  o f  volatile organic 
contamination i n  the Woman Creek valley f i l l  alluvium. T h e  additional background 
study currently being implemented a t  Rocky  Flats  Plant will provide more dcfinit ive 
assessment of the  Woman Creek alluvial groundwater status. 

T h e  statement the  groundwater contamination does not extend into the permeable 
horizons of the bedrock should r e f e r  to volatiIe organics only a t  this time. Inorganic,  
metals, and radionuclide data f r o m  the 881 Hillside Area will  be reevaluted with 
respect to revised background data,  upon completion o f  the  1989 background 
characterization studies a t  Rocky  F la ts  Plant. Results o f  these analyses will then be 
incorporated in to  the f ina l  R I / F S .  

Section 1.0. Comment 7 

The concltisiom presented concerning the location o f  volatile soil contamination are 
incorrect and iinsubstantiated. Volatile and semi-volatile organic contamination is 
widespread and generally not attributable to laboratory artifact. 

3 

z 

Resuonse to Section 1.0. Comment 7 

Volatile and semivolatile detections in soils have been reevaluated in response to 
comments on  Section 4.0 o f  the RI report. 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE FS REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE 4 



Section 1.0. Comment 8 

The major ion levels detected in pond C-2 are elevated with respect lo SW-35. The levels 
o f  radioactive constituents, metals and inorganics detected in pond C-2-are elevated with 
respect to station SIV-42. The statements made in Section 1.2.5 are diibioiis. 

Response to Section 1.0. Comment 8 

The only major ion greater in Pond C-2 than SW-35 is sodium. 
in Pond C-2 are  less than or nearly equal the value analyzed f o r  SW-35. 

The other major ions 

HC%= Cl- S a =  TDS Ca++ ng++ N a+ 

c-2 
08/18/86 NR 31 67 240 20.6 10.3 33.9 

sw-35 
07/29/87 162 33.6 74.0 307 65 15.9 26.9 

NR = Analyte Not Reported 
All analyte concentrations reported i n  mg/L. 

It is true that many constituents a re  elevated in Pond C-2 when compared with SW-42 
(e.g.,. barium, beryllium, calcium, chromium, magnesium, sodium, strontium, chloride, 
sulfate, TDS, gross alpha and  uranium. However, many analytes a r e  elevated a t  SW-42 
with respect to Pond C-2 (e.g.,. silver, aluminum, cesium, iron, mercury, potassium, 
manganese, molybdenum, nickel, antimony, selenium, vanadium and zinc. It should 
also be noted tha t  water f rom SW-42 never flows into Pond C-2 and many of these 
constituents a re  elevated in the South Interceptor Ditch upgradient from the 881 
Hillside. When comparing SW-36, the farthest  upstream station on the South 
Interceptor Ditch, with Pond C-2, all of the analytes are  elevated in SW-36. It is 
difficult to d r a w  conclusions on surface water quality based on single samples 

stations during ongoing monitoring a t  Rocky Flats Plant, and  results will be 
incorporated into the f inal  RI/FS. 

8 

collected during two different  years. Additional samples will be collected from these - 
I 

x 
Section 1.0, Comment 9 

The detection o f  PCE in the air cannot be attributed to Building 952. as this biiildiitg is a 
gas cylinder storage unit. No solvents are supposed to be stored at this tinit. 

ResDonse to Section 1.0. Comment 9 

Building 952 was mistakenly identified as the potential PCE source. 
should refer to Building 887, a d r u m  storage area which is undergoing closure. 

The statement 
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Sectioit 1.0, Comment IO 

The air and biota section should present and reference important sectiorts o f  the reports 
conducted by CSU which were directed towards identifj)ing the impacts bosed by RFP on 
the biota. DOE and Rockwell should review the CSU studies and consider developing a 
document which would be available for review and would be referenced in the R I / F S  
documents for Rocky Flats. Such a document should be reviewed and approved by the 
Colorado Division of Wildlife, and US. Fish and Wildlife Service (contact John Spiitks Jr., 
Deputy Regional Director). 

Resuonse to Section 1.0. Comment 10 

T h e  a i r  and biota sections o f  the  f inal  RI will include a review o f  previous studies 
conducted at R o c k y  Flats Plant a n d  the 881 Hillside Area. I f  necessary, additional 
studies will be performed following the review o f  existing data. 

Section 1.0, Comment I 1  

The assessment o f  public health impact must be based on the facts presented in the RI, not 
on conjecture and unsubstantiated conclusions regarding the presence or non-presence o f  
contamination at the 881 Hillside. The results o f  the risk assessment indicate that there is 
potential for risk associated with this site. 

Resuonse to Section 1.0. Comment 11 

T h e  risk assessment concluded there were unacceptable risks posed to the public for 
the no action alternative i f  there were no institutional controls. I t  also concluded that 
there is a potential risk to the  public  in the future f r o m  of f - s i te  c o n t a a i n a n t  
migration. T h i s  assessment was based on facts.  T h e  FS statement that “there is no 
imminent threat to the public health and environment a t  the 881 Hillside Area” is a 
valid conclusion based on the institutional controls currently in place and the absence 
of off-site  contamination attr ibutable to the 881 Hillside at this time. Furthermore, as 
stated in the FS, pursuant to the results o f  the risk assessment, “this feasibility study 
was undertaken to select a n  appropriate action”. 

Section 1.0. Comment 12 

The discussion o f  state ARARs correctly indicates that state advisories, guidance, or other 
non-binding policies, as well as standards that are not of  general application, cannot be 
treated as requirements under CERCLA. However, they may fall into the ”to be 
considered” category, and cannot be summarily excluded. ( A  separate review o f  the 
ARARs screened in Appendix 2 is presented as an attachment to this document.) 

Resuonse to Section 1.0. Comment 12 

State advisories, guidance o r  other non-binding policies are presented in the Screening 
o f  Chemical Spec i f i c  A R A R s  tables found in Appendix 2. C D H  proposed standards 
for organics in sur face  water a n d  groundwater were presented and identified as  “To 
B e  Considered” (TBC). C E R C L A  Compliance with Other Laws Manual suggests that 
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chemical specific TBC values such as health advisories and  rcfercncc doses will be 
used in the absence o f  ARARs or where ARARs are  not suff ic ient  to dcvelop cleanup 
goals. 

0 

Section 1.0. Comment 13 . 
Although institutional control is inappropriate as the sole 881 remedy, the discussion o f  
institutional control will be predicated on resolution of future land tise issues. DOE and 
Rockwell may be required to resolve future land use issues regarding the plnnt and buf fer  
zone with the US. Department of the Interior. Discussion of this mnrter and inilia1 contact 
with the Department o f  the Interior should be made as soon as possible. 

ResPonse to Section 1.0. Comment 13 

The selected remedy was developed so that no institutional controls would be 
necessary to guarantee adequate protection of human health a n d  the environment. 
This includes sensitive fu ture  land use scenarios where revised zoning ordinances 
could permit residential development within existing plant boundarics. The U.S. DOE 
will resolve f u t u r e  land use issues with the U.S.DO1 as appropriate. 
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SECTION 2.0: SCREENING OF REMEDIAL ACTION TECHNOLOGIES 

Section 2.0. Comment I 

The initial selection and screening of remedial technologies is to be based on the developed 
remedial action objectives, which in turn are based on nature and extent o f  contamination, 
risk assessment and ARARs identification. Subsequent to the RI and the ARAR and risk 
assessment evaluation presented in Appendix 2, the remedial action ob jectires should be 
stated in Section 2.0 o f  the FS, specifying the contaminants and media o f  interest, 
exposure pathways and remediation goals so that the basis for initial selection and 
screening o f  remedial technologies is identified. The general remedial technologies to be 
screened and further refined are selected for each medium o f  interest which will satisfy 
the remedial action objectives. This means that the volttme o f  media to be addressed must 
be defined and presented in the FS subsequent to the ARAR and risk assessment so that 
the remedial action objectives can be de fined. 

Resoonse to Section 2.0. Comment 1 

The selection and screening of remedial technologies was based on the nature and 
extent of contamination (Sections 1.2.3 - 1.2.6), ARARs (Appendix 2 as referenced in 
Section 1.3), and the risk assessment (Appendix 1 as referenced in Sections 1.2.7 and 
2.2.2.1). For clarity, the revised FS will devote a section to the basis for selection of 
remedial technologies. 

Section 2.0, Comment 2 

The second phase o f  the screening process evaluates the response technology types ir! light 
o f  medium specific technical implementability. Contaminant types and concentrations and 
on-site characteristics such as depth to bedrock, degree o f  fracture and aquifers (alluvial 
and/or bedrock) affected are examples of the information which should be used to make 
these determinations. 

I f  the elevated metals, inorganics and radionuclides found in the hillside groundwater are 
above ARAR or impart unacceptable risk, then the process options to address these 
contaminants must be discussed. This again requires that the FS define [he media and 
contaminants o f  concern, so that the basis for proposal o f  response technology types can be 
understood. The ARAR evaluation and risk assessment should address the bedrock 
groundwater contamination at the hillside in order to assess the implementability o f  the 
technolqgy types proposed. 

- 

The resulting technology types are re fined to more specific process options within each 
technology type. The process options within potential technology types are evaluated in 
greater detail prior to selecting one process to represent the technology type. Process 
options are evaluated using the implementability, effectiveness and cost criteria. In 
general. Rockweli and DOE did not follow the basic procedures for screening of  remedial 
action technologies as it is described above. 
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0 Resoonse to Section 2.0. Comment 2 

Screening o f  technologies was based on medium and contaminant specific technical 
implementability. Examples include elimination of sheet piling bccausc of coarse 
grained soils (pg 2-9), elimination of bottom sealing because o f ' the  absence of 
subcropping sandstones a t  the two areas of contamination (pg 2-10), consideration of 
anaerobic biodegradation because the contaminants a r e  al iphatic  halogenated 
compounds (pg 2-25), consideration of air  stripping because contarninants are  volatile 
(pg 2-47), etc. Remediation o f  bedrock groundwater is not addressed because of the 
absence o f  organic contamination. Inorganic bedrock groundwater contamination is 
inconclusive a t  this time. 

T h e  refining o f  technologies into more speciFic process options and selecting a process 
option to represent the technology type follows March 1988 RI/FS guidance not 
available a t  the time o f  the FS report preparation. However, this process was, in 
e f fec t ,  used. F o r  example, a soil bentonite slurry wall was choscn over a cement 
bentonite slurry wall,  diaphragm wall, grout curtain,  sheet piling, and bottom sealing 
to represent subsurface barriers. Soil flushing was retained rather than vitrification, 
in situ aeration, biodegradation, and carbon adsorption to rcpresent in situ 
treatment/immobilization. Process options were evaluated on the basis o f  
implementability, effectiveness,  a n d  cost. Cost was used i f  the process option was f irst  
considered implementable and effective.  

Section 2.0. Comment 3 

The "conclusion" presented in the RI, and referenced in Section 2.2.2.2, that radionuclide 
e 

concentrations in- soils are at or near background levels is qiiestionable. Prior to 
determination that the soils need not be disposed of at a mixed waste facilily, a more 
thorough determination o f  radiation level o f  the soils impacted miut be made or the soils 
would have to be disposed o f  at a mixed waste disposal facility. 

Response to Section 2.0. Comment 3 

A background hydrogeochemical characterization plan is being implemented to resolve 
current questions pertaining to the existence o f  contamination a t  the site and facilitate 
determination o f  contamination i n  future investigations. It is nevertheless felt  that 
radionuclide concentrations in soils presented in the RI a r e  a t  or  near background 
levels based on review o f  all existing soils data a t  the faci l i ty.  I t  is agreed that  our 
statement that "disposal at a RCRA mixed waste treatment, storage, and disposal 
fac i l i ty  will not be required" is too conclusive a t  this time. 

Section 2.0, Comment 4 

The screening o f  technology types, specifically well arrays as presented in Section 2.2.3.1, 
is to be based on technical implernentability. The section indicates that pumping is most 
effective in homogeneous materials with relatively high iritergranirlar hydraulic 
conductivities. This may not be appropriate for the contaminated groirndwater in the 881 
Hillside alluvial and weathered claystone bedrock. 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE FS REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE 9 



ResDonse to Section 2.0. Comment 4 

It is agreed tha t  a well array may be inappropriate for the alluvium, and addressed 
this in Section 3.3.2.2. The unsaturated conditions encountered in borehole 7-87BRA 
and the unconfined conditions in well 5-87BR indicate insigniricant flow of 
groundwater in  the weathered bedrock. This appears to be an  insignificant migration 
pathway. 

Section 2.0. Comniertt 5 

The technical implementability o f  subsurface drains and barriers is dependent on the depth 
o f  affected groundwater. The FS must address the contaminated grotind~vater in the 
weathered horizons o f  the bedrock prior to determining whether these technology types are 
implementable at the hillside. 

What hydrologic impact would result from utilization o f  a subsurface barrier on the 
hillside? Upgradient mounding and flow net changes should be considered when evaluating 
this technology type. 

ResDonse to Section 2.0. Comment 5 

The significance of  contaminant migration in  the weathered claystone bedrock is 
addressed in our  response to Comment 4 above. 

Subsurf ace barriers were used in  Alternative 5, Total Encapsulation. Although not 
stated in the FS, mounding is not expected to be a problem because of the substantial 
depth to groundwater, and the potential for groundwater to flow around the slurry 
wall. This will be addressed in the technology and  alternative screening sections of 
the revised FS. 

, 

0 

Section 2.0. Comment 6 

It is unclear why capping is being considered and retained as a technology type when it 

problem, and the soils themselves have been determined in the risk assessment not to pose 
significant hazards. The reduction of in filtration will not reduce the concentration o f  
contaminants in the groundwater. 

ResDonse to Section 2.0. Comment 6 

Although not stated in Section 2, capping was considered because i t  is an integral part 
of total encapsulation (Alternative 5 in Section 3) where reduction in infil tration is 
important to maintain hydraulic gradient into the encapsulated material. This will be 
identified in  the revised FS. Additionally, analysis of action specific ARARS 
indicated that closure with waste in  place makes RCRA closure standards relevant and 
appropriate. 

has been stated that the leaching of contaminants from the soils is not anticipated to be a 
4 

z 

r’ 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE FS REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE 10 



Section 2.0, Comment 7 

The initial screening o f  technology types is to be based on iniplenierrtab~lit~~. The 
feasibility o f  vitrification, lack o f commercial availability and limited pre%oirs applications 
are not the screening elements to be used at this stage in the FS. Also i f  soils are not o f  
concern and vitrification would most likely volatilize the organics, why is this technology 
type being considered? 

Response to Section 2.0, Comment 7 

As stated in Section 2.2.5, "...treatment technologies are considered only as methods to 
expedite the remediation o f  groundwater a t  the 881 Hillside". As stated in the 
Guidance on Feasibil i ty Studies under CERCLA (EPA/540/G-85/003), technologies 
may be eliminated i f  they rely on unproven technology or are not f u l l y  demonstrated. 

Section 2.0. Comment 8 

I f  soils do not pose a significant health hazard, as determined in the risk assessment, and 
leaching o f  soils will not significantly affect the groundwater concentrations o f  
contaminants, then why is soil flushing being considered and retained? The leachability o f  
the soils and/or the distribution o f  contaminants between soil and groundwater should be 
evaluated in order to verify the low significance o f  leaching o f  contaminants from the soil. 
The permeability and clay content o f  the soils in conjunction with the hardness o f  the 
groundwater would indicate that this technology type may not be implementable at the 881 
Hillside. 

Response to Section 2.0. Comment 8 

As stated on page 3-20, paragraph 1 ,  soil flushing provides additional hydraulic drive 
to displace contaminated groundwater. T h e  hydraulic conductivity o f  the alluvium 
was considered suf f i c ient  to prepare a conceptual design for  the FS. Hardness of  the 
water may a f f e c t  the implementability of this technology should calcium carbonate 
precipitate, however, as stated on page 6-3, last paragraph, this technology will only be 
used to expedite groundwater remediation. Infiltration testing would likely be 
conducted before  preparing a detailed design for a soil flushing system. 

- 
1 

Section 2.0. Comment 9 r' 

The FS should state the reasons that in situ aeration is not implementable at the 881 
Hillside. Application o f  the geologic in formation developed in the RI should provide the 
in formation needed to assess this technology type. 

Response to Section 2.0. Comment 9 

As stated on page 2-24, last paragraph, soils containing a high percentage clay 
distribution, as  is the case at  the 881 Hillside, a re  less amenable to the process. 
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0 Section 2.0. Comment IO 

The FS should state why in situ anaerobic conditions would be difficult lo ntaiittain at the 
881 Hillside. The absence of conclusive demonstrations o f  the effectiveness o f  this 
technology for treating soils and groundwater contaminated with organh is ?lot a valid 
reason for dismissing this technology type. 

ResDonse to Section 2.0. Comment 10 

Flooding of the soils and containment of the groundwater, or addition of rcadily 
biodegradable organics may induce the low redox potential (anacrobic conditions) 
required for  biodegradation. However, these methods or  other methods havc not been 
demonstrated (US. €PA, 1985). The geologic information developed in the RI has not 
been used to assess this technology further because, as stated in the FS, "there a re  no 
known conclusive demonstrations of the effectiveness of this technology for treating 
soils and groundwater contaminated with these organics." 

Section 2.0. Comment I 1  

The fact that in situ carbon adsorption is in the research and development stage is not a 
valid reason to dismiss this technology type. The initial screening process evaluates 
implementability o f  the technology type. The hydraulic impact o f  implementation o f  this 
technology should be discussed. 

,. Resuonse to Section 2.0. Comment 11 

Again, as stated in  the Guidance on Feasibility Studies under CERCLA (EPA/540/G- 
S5/003>, technologies may be eliminated if they rely on unproven technology or  are 
not fully demonstrated. It seems that unproven or  not fully demonstrated technologies 
would be d i f f icu l t  to implement. The in situ carbon system would necessarily have to 
have a permeability equal to or greater than the permeability of the surrounding 
surficial material to prevent an  'end around run  of contaminants'. Therefore, there 
should be no adverse hydraulic impacts of implementing the system. 

- 
Section 2.0, Comment 12 

The complete oxidation o f I,I,I-trichloroethane results in the production o f  cnrbon dioxide 
and hydrogen chloride. The dismissal of wet air oxidation and supercritical water based 
solely on costs is not consistent with the NCP. Costs are to be considered only after it is 
determined that adequate protection of public health, welfare and the environment will be 
achieved. The initial screening o f  technology types is to be based on implenientability, not 
on cost. Only after alternatives comprising process options have been developed should the 
costs be considered and then costs can only be considered after it is determined that the 
alternative provides the adequate level o f  protectiveness. 

I 

Resuonse to Section 2.0. Comment 12 

It  is stated in  comment 2 of Section 2 "process options are  evaluated using the 
implementability, effectiveness, and  COS^ criteria", which is consistent with the March 0 
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1988 Guidance for  Conducting Remedial Investigations and  Feasibility Studies Under 
CERCLA. The  screening of these technologies, and the subsequent dctailed evaluation 
of the three most implementable and  effective water treatment tcchnologies was "to 
determine the cost effective reliable treatment system for  inclusion with the 
alternatives requiring water treatment" (see page 2-66). The purposc of this strategy 
was to eliminate unnecessary permutations of water trcatment technologies and  other 
remedial technologies in formulating remedial action alternatives. This is consistent 
with the intent of the new guidance. 

Section 2.0. Comment 13 

The chemicals associated with 88 I Hillside should be analyzed f o r  contpatibi1it.v with the 
reverse osmosis membrane in order to dismiss this technology as not implemenrable. It 
seems that the voltcnte of  the concentrate would be low f o r  wastes [reared b y  reverse 
osmosis considering the concentration of the contaminants in the groiind waler. 

ResDonse to Section 2.0. Comment 13 

If i t  were not f o r  the aggregate of disadvantages of reverse osmosis (bio-fouling, 
possible reactivity with the membrane, precipitation of metal salts, and large quantity 
of concentrate requiring treatment), a more exhaustive literature search on the 
compatibility of the various contaminants with the reverse osmosis membrane would 
have been performed. The eff luent  standard defines the maximum Concentration 
gradient that  can exist across the membrane. The lower the effluent standard, the 
lower the concentration gradient needs to be to control migration of contaminants into 
the effluent. T h e  flow of concentrate would be a process variable that controls this 
concentration gradient. The eff luent  standard is  non-detectable concentrations 
suggesting a need for  low concentration gradients and thus high concentrate flows. 
Without treatability study data, the flow of concentrate cannot be exactly determined. 
The EPA estimates the typical concentrate flow to be 10 to 25 percent of the  influent 
flow (U.S. EPA, 1985). Treatment of this waste adds a significant additional capital 
and operating cost to this technology. 

Section 2.0. Comment 1 4  

Chemical oxidation should be evaluated for implementability as a technology prior to 
evaluation o f  process options within this genre o f  treatment. 

- 

ResDonse to Section 2.0. Comment I4 

Wet air oxidation, supercritical water, and  UV ozone/peroxide are all chemical 
oxidation technologies evaluated in  this FS. For completeness, the revised FS will 
discuss the use of chlorine, permanganate, and  other chemical oxidants. 
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Section 2.0, Comment 15 

The dismissal of steam stripping only because of cost is inappropriate. The steam 
stripping and air stripping process options must first achieve th5 same level o f  
effectiveness prior to consideration of costs. 

ReSDOnSe to Section 2.0. Comment 15 

T h e  FS states on  page 2-49 that  there is minimal enhancement of  syste 
contaminant removal and significantly increased costs in the use of steam stripping in 
lieu o f  air stripping. F o r  the organic contaminants identified in the groundwater, i t  is 
more accurate to state there is no enhancement o f  system e f f i c i e n c y  in the use o f  
steam stripping relative to a properly designed a i r  stripper. 
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SECTION 3: S C R E E N I N G  OF R E M E D I A L  A L T E R N A T I V E S  

Section 3.0. Comment 1 

The remedial alternatives are to be analyzed in light o f  effectiveness, imp~enlentability and 
cost. Is acceptable engineering practice the same as implementability? Alterrialives are to 
be fiirther refined by quantifying the areas and volumes of  media to be addressed and the 
sizes and capacities o f  the process options making tip each remedial alternative. The 
media and pathways o f  exposure to be addressed are the same for all alternatives. The 
media and pathways o f  exposure to be addressed are considered during development of  
remedial action objectives. Effectiveness is evaluated based on protectiveness and 
redtictions in toxicity, mobility or volume achieved. 

After identifying the alternatives to be analyzed in detail, treatability testing should be 
initiated i f  necessary and additional site characterization should be conducted as 
appropriate, in order to support the detailed analysis o f  remedial alternntives. 

ResDonse to Section 3.0. Comment 1 

Screening on the basis of implementability, effectiveness,  and cost is from the March 
1988 draft  R I / F S  guidance not available a t  the time the F S  was prepared. Acceptable 
engineering practice is a term f rom the NCP (40 C F R  300.68 (g)(2)). I t  seems that 
acceptable engineering practices is the same as implementability as defined i n  the 
March 1988 d r a f t  guidance. Otherwise there is  agreement with the statements o f  this 
comment and that  the F S  is responsive on a l l  accounts. 

Section 3.0. Comment 2 

The dismissal o f  treatment for contaminants other than the volatile organics mitsl be based 
on the ARAR evaluation and/or the risk assessment. This must be explicitly stated so that 
the basis for the proposed remedial alternatives can be understood. Otherwise, 

treating the organics is possibly unacceptable. 
incorporating reinjection o f  groundwater or discharging to the surface water after only 4 

ResDonse to Section 3.0. Comment 2 

T h e  inorganics (and organics) exceeding A R A R s  are  identified in  Table 4-6, page 4-40. 
T h e  table indicates that manganese, selenium, gross alpha, gross beta, and total 
dissolved solids a r e  at concentrations exceeding ARARs.  As discussed on page 4-39, 
the selected treatment alternative will be unable to meet A R A R s  for  these inorganic 
constituents. Because the RI and F S  were required to be completed at the same time, 
there was insuf f i c ient  time to screen technologies f o r  removal o f  these inorganics once 
i t  was recognized that they exceeded ARARs.  Furthermore, i t  is unclear whether 
these inorganics a r e  contaminants without a thorough characterization o f  background 
chemical conditions. T h e  revised FS will "up front" identify the results o f  the 
background characterization, risk assessment, and A R A R  analysis to allow selection 
and screening o f  technologies and alternatives. T h e  revised F S  will include technology 
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screening o f  treatment processes that  remove the inorganic contaminants above ARAR, 
i f  appropriate. 

0 

Section 3.0, Comment 3 

No Action. The hazard posed by SWMU 107 has not been evaluated separately. 
Groundwater downgradient o f  SVMU 107 has been degraded. The hazard posed by SWMU 
119.1 has not been separately evaluated. The determination o f  extent o f  contaminatioa 
resultant to SWMU 119.1 has not been accurately presented in the RI. Borehole soil 
samples indicate that VOCs are present in the weathered horizons o f  the claystorre bedrock. 
VOCs have been detected iii the surface waters o f  the South Interceptor Ditch and Woman 
Creek. Thus the monitoring program proposed will only detect changes to the present 
Contaminated conditions o f  the groundwater o f  881 Hillside. The ability o f  the soils to 
naturally attenuate contaminant plumes should be substantiated. Attenuntive processes may 
reach some capacity level, which could allow further migration o f  the plume. 

ResDonse to Section 3.0. Comment 3 

The  risk assessment evaluates risk posed by both contaminated groundwater and 
surface water. T h e  F S  team saw no reason to assess the hazard posed by SWMU 107 
and SWMU 1 19.1 separately. Concerns regarding the extent o f  contamination resulting 
from SWMU 119.1 are addressed in the response to R I  Section 4.0 Response 19. 
Concerns regarding volatile organics contamination o f  weathered claystone and 
surface water a r e  addressed in  response to RI Section 5.0 Comments 34 and 36 and RI 
Section 6.0 comments 2, 4, and 7 ,  respectively. T h e  wells and surface water stations 
selected for monitoring were based on the extent o f  volatile organic contamination in 
alluvial groundwater and surface water as presented in the RI. Other downgradient 
wells and sur face  water stations may be added to the monitoring system pending the 
results o f  the background characterization, revised ARAR analysis, and risk 
assessment. I t  would seem that volatilization and adsorption explain, in part, the lack 
o f  contaminant migration observed to date. I t  was discussed in a qualitative manner 
in view of this observation. There  is no reason to substantiate attenuative mechanisms 
since it is recognized (as stated in  the first paragraph o f  page 3-7) that the no action 
alternative "will not improve site conditions, minimize generation o f  contaminants, or 
mitigate any potential long term risks". It is not the preferred alternative, and the 
discussion o f  the effectiveness o f  the alternative is an accurate description o f  the 
current conditions and hazards. 

Section 3.0. Comment 4 

Line o f  Wells with Treatment. The depth of the groundwater wells proposed in the FS must 
be predicated on the risk assessment and ARAR review for contaminants in the bedrock 
groundwater. A more prudent treatment alternative would primp the 8 gallons per minute 
(gpm) 10 Building 374 post treatment in the new treatment facility. See comment number 
2 above. The location o f  165 wells located on 10 foot centers will have to be verified for 
ability to intercept groundwater. The number and placement o f  wells should assure that 
overlapping cones o f  depression provide complete cut-off o f  ground water flow. The FS 
must evaluate the depth requirements to  meet ARAR and/or acceptable risk levels for 
remediation o f  groundwater. This will have to be done prior to elimination o f  well 
placement as art alternative. The french drain system is constrained to shallow 
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remediation, and niay not provide the level of protection required i f  bedrock groundwater 
must be considered. The location of these wells must also be evaliinted in light o f  the 
extent o f  contantination. The location of these wells must be based oii quantitative 
information. Risk isopleths would allow proper determination o f  well placement. Sampling 
the in fluent and e f f l uen t  oil a monthly basis may not provide adeqiiae information to 
assess the perforniarice o f  this unit. These sampling events must also be coordinated. The 
statements regarding effectiveness and meeting of ARARs are poorly jiisti fied. 

ResDonse to Section 3.0. Comment 4 

T h e  depth o f  t h e  wells was based on capturing contaminated alluvial groundwater 
because it was concluded in the R I  that bedrock groundwater contamination d id  not 
exist. It  is not understood why treatment in Building 374 with post treatment in the 
new facility is more prudent. F o r  example, the e f f luent  f rom Building 374 comprises 
many sources o f  influent water. Furthermore there is insufficient  capacity a t  
Building 374 to handle the additional flow. T h e  location o f  the well a r ray  was 
determined to be  a t  a line downgradient o f  the 881 Hillside where organic 
contamination did not exist,  and therefore, there were no risks attributable to the 
organics. If t h e  background characterization and revised A R A R  analysis indicate 
inorganic contaminants exceed A R A R s  downgradient o f  the hillside, the well a r ray  
will be relocated to a location where acceptable risks are posed. T h e  spacing o f  the 
wells was calculated based on a n  average hydraulic conductivity, but since the 
alternative was eliminated because o f  subsurface heterogeneities i n  favor o f  a 
subsurface dra in ,  there is no reason to further ver i fy  their spacing to assure complete 
cut off o f  the groundwater flow. Influent and e f f luent  monitoring on a monthly basis 
should be adequate to assess the performance o f  the system once the system has been 
thoroughly tested initially.  I t  is certainly adequate f o r  establishing a cost for 
monitoring f o r  t h e  FS. In light o f  this focus on remediation o f  organic contaminated 
alluvial groundwater,  we do not see our statements regarding effectiveness and 
meeting A R A R s  as poorly justified. 

0 

Section 3.0, Comment 5 

French Drain. Conintents made above are applicable to this alternative. (i.e. depth of 
trench, location on the hillside, feasibility determinations, extent o f  contamination and 
contaminants to treat, etc.) The soils which will be excavated will have to be tested to 
determine whether they can be used as backfill materials in light o f  land disposal 
restrictions. The soils will also have to be evaluated to enstire that siibstirfnce structures 
will be geotechnicaliv stable. Capital costs for  this alternative should include the costs of  
the above tests. The  statements regarding effectiveness are poorly justified. 

Resvonse to Section 3.0, Comment 5 

T h e  response to FS Section 3.0 Comment 4 above applies to this comment with respect 
to depth of the  trench,  location on  the hillside, feasibility determinations, extent of 
contamination, contaminants to treat,  and effectiveness.  Testing o f  soils f o r  volatiles 
before use as b a c k f i l l  material is unwarranted in that risk assessment based acceptable 
concentrations a n d  maximum concentrations f o r  land disposal restriction are  i n  the 
part per million range. Testing is also unnecessary because land disposal restrictions 
are not triggered unless the waste is moved f rom one area or unit  o f  contamination to 
another, or i f  the  movement constitutes an  act  o f  disposal ( C E R C L A  Comoliance With 

. 
r' 

a 
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Other Laws Manual. August 1988). Concentrations in soils in contaminated areas at 
~ 

the hillside a r e  in the low part per billion range. It is agreed tcsting should be 
required for backfi l l  material to ensure that subsurface structures arc  geotcchnically 
stable. 

Section 3.0. Comment 6 

French Drain with Soil Flushing. The reason for considering soil fliishitig should be stated 
in section 2 as it is in section 3. The design discharge for soil flushing o f  0.8 gallons per 
minute (gpm) should be presented based on effective porosity, sirrfnce area and depth of  
the drain field. The evaluation o f  effectiveness and acceptable engineering practice is 
poorly justified. The additional cost for soil flushing is estimated at about $52,000. Soil 
flushing will considerably shorten the remedial process at a relatiirely sninll initial cost 
increase. i f  effective. Use o f  innovative technologies is encouraged bv S A R A .  This process 
option should be further evaluated to see if the hardness o f  the groundwater and/or the 
subsurface conditions will  allow effective use o f  this technology. 

Resuonse to Section 3.0. Comment 6 

I t  is agreed the reason for  considering soil flushing should be stated in Section 2 as it 
is stared in Section 3. This  will be done f o r  the revised FS. As stated in the FS, the 
design discharge is based on hydraulic conductivity, effective porosity, and surface 
area. Depth o f  the drain f ield is not a factor unless i t  is near the alluvial 
groundwater table which is not the case for the 881 Hillside. The reader is referred to 
the response to FS Section 3.0 Comment 4 regarding the poor justification o f  
effectiveness. T h e  discussion of acceptable engineering practice is based on a 
thorough literature search o f  soil flushing. Although the discussion does not provide 
definitive conclusions on the implementability or effectiveness o f  soil flushing (and 
does not claim to), i t  is considered adequate considering how it is intended to be used 
in the preferred alternative. See response to FS Section 2.0 Comment 8 regarding 
further investigation o f  this alternative. UV peroxide treatment is an innovative 
technology as encouraged by SARA. 

Section 3.0, Comment 7 

Total Encapsulation. The alternative does not totally encapsulate the 881 Hillside. No 
discussion o f  the existing treatment process is presented. The encapsulation will not 
address the geochemical changes in groundwater resultant to the past waste disposal 
practices at 881 Hillside. The statements concerning dilution and attenuation o f  
contaminated groundwater not encapsulated is unsupported. Dilution is prohibited as a 
substitute for treatment and release o f  contaminants above background will degrade water 
quality. This solution may not meet ARARs. 

--. 

ResDonse to Section 3.0. Comment 7 

It is not claimed that the alternative totally encapsulates the 881 Hillside but rather i t  
encapsulates "the contaminant sources near SWMU 107 and SWMU 119.1" as stated on 
page 3-27. T h i s  was done to make the alternative reasonable, Le., minimizing cost 
while maximizing it's effectiveness, since the alternative was considered largely to 
comply with S A R A  (consideration o f  an alternative that represents waste containment 
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with little or no treatment). The existing treatment process is the flash evaporator in 
Building 374 which can handle the small volume of contaminated watcr anticipated 
with this alternative. This will be identified in the revised FS. None of the 
alternatives address the geochemical changes in  groundwater resultnn t to the past 
waste disposal practices a t  the 881 Hillside for  reasons which are  discussed in  our 
response to F S  Section 3.0 Comment 2. T h e  risk assessment quantifies dilution of 
contaminants entering the valley f i l l  alluvium of Woman Creek. Attenuation is not 
quantified, but volatilization, an  attenuative mechanism, is likely to be significant 
especially considering the unsaturated conditions that exist in the alluvium a t  times 
during the year. Dilution is a consideration in the establishment of ACLs under 
RCRA. It is stated on page 3-30, last paragraph, this alternative will not meet 
ARARs. 

Section 3.0. Comment 8 

Treat Source Well and Footing Drain Flow. The R I  has riot characterized the sources in 
sufficient detail to allow conclusions to be made that treatment of  the footing drain flow 
arid 9-74 source well will significantly minimize any threats to public health. The RI never 
determined that the footing drain collected all the VOCs in the area adjacent to the 881 
building. Will pumping at a steady flow of only 0.04 gallons per minute (gpm) provide a 
cone of  contaminated groundwater from migrating or even to collect the contaminants 
which are present in the area? The reasons presented for retention o/ this alternative have 
no support in the document. 

Resoonse to Section 3.0. Comment 8 

Regardless of how issues of soil contamination, bedrock groundwater contamination, 
or inorganic contamination of alluvial groundwater are resolved, i t  is clear that 
discharge of contaminated water to surface water and the presence of tcns-of- 
thousands of ug/l  concentrations of volatile organic compounds in groundwater 
present the greatest potential threat to the public health. Whether the footing drain 
collects all the volatile organics in the vicinity of Building 881 is irrelevant to any 
statement made i n  the F S  concerning Alternative 7. By the time a steady flow of 0.04 
gallons per minute (gpm) is achieved, most of the contaminated water will be removed 
which is the intent  of this alternative. The  above discussion provides the reasons for  
retaining this alternative for  fur ther  consideration. 9 

Section 3.0. Comment 9 

French Drain with Soil Removal. This alternative must address the same considerations as 
presented in comments 4 and 5 above. The FS does not present justification for the 
dimensions and volume of  soil to be removed. The FS does not consider the possibility that 
the excavated soils will have to be treated to meet Land Disposal Restrictions. 

Resuonse to Section 3.0. Comment 9 

The response to F S  Section 3.0 Comment 4 is applicable to this comment. The  volume 
of soil was estimated by assuming all alluvial material would be removed, the areal 
extent of which was determined by the presence of volatiles in soil samples f rom the 
boreholes. This will be included in  the revised FS af ter  presentation o f  the results of 
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the A R A R  analysis and risk assessment. See response to Section 3.0 Comment 5 
regarding land disposal restrictions. 

Sectiori 3.0, Comment IO 

Suntmary o f  Screening Results. Total encapsulation should not be retained. Soil flushing 
options should be further evaluated to determine effectiveness at the 881 Hillside. Soil 
removal should be retained, as until the effectiveness o f  each retained option is more 
thoroughly evaluated, soil removal may provide the greatest level o f  protection to htiman 
health and the environment. The pump source well and collect footing drain flow option 
does not provide the same level of protection as the other options under consideration. 

ResDonse to Section 3.0. Comment 10 

Total  encapsulation was retained based on reduction in risks and low cost. It  is agreed 
soil flushing should be further investigated when it appears prudent to implement. 
T h e  risk assessment performed f o r  this response to comments still shows that 
contaminated soils per se do not pose unacceptable risk. T h e  rctained alternatives 
o f f e r  similar levels o f  protection to human health and the environment as the soil 
removal alternative,  but are  considerably more cost effective.  It is agreed the pump 
source well a n d  collect footing dra in  flow alternative does not provide the same level 
o f  protection as  the  other alternatives,  but then i t  is not claimed otherwise in the FS. 
If  the implication o f  this comment is that the alternative should not be retained for 
detailed evaluation, this is not understood. T h e  March 1988 R I / F S  guidance suggest 
that the alternatives retained a f t e r  screening adequately preserve the range of 
remedies. 

- 
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SECTION 4: DETAILED EVALUATION OF REMEDIAL A L T E R N A T I V E S  

Section 4.0, Comment 1 . 
Before per forming the detailed evaluation o f  remedial alternatives. post-screening 
investigations should be conducted to ensure that the post-screen remedial alterrratives can 
meet the remedial action objectives. These studies may include the collection o f  additional 
site characterization data, treatability studies, and/or bench scale testing. 

ResPonse to Section 4.0. Comment 1 

This comment is directly from the March 1988 RI /FS  guidance which was not 
available at  the time the FS was prepared. Furthermore, the schedule imposed on 
preparing the RI/FS completely eliminated consideration for  additional site 
investigations. Activated carbon and U V  peroxide treatability studies were conducted 
in the limited time available. 

Section 4.0. Comment 2 

The specific CERCLA requirements to be supported in the FS include protection o f  human 
health and the environment, ARAR attainment, cost-effectiveness, permanence and use o f  
innovative technologies as practicable and satis faction of  the preference for treatment 
which reduces toxicity, mobility or volume. In  addition, CERCLA places emphasis on 
consideration o f  the long term uncertainties associated with land disposal, the requirements 
o f  the Solid Waste Disposal Act, the characteristics o f  the hazardorrs substances and their 
tendency to bioacctimulate, short and long term health effects from hiintart exposure, long 
term maintenance costs, failure o f  proposed remediation and the threat to human health 
and welfare associated with excavation and redisposal. The criteria to be used to address 
these requirements and considerations are short term effectiveness. long term effectiveness 
and permanence, reduction of  toxicity, mobility and volume, implententability, cost, 
compliance with ARARs, protection o f  human health and the environment. state acceptance 
and community acceptance. These evaluation criteria should be used as opposed to the 
criteria proposed in section 4.1 of  the FS. 

Response to Section 4.0, Comment 2 
--+ 

See first sentence o f  FS  Section 4.0 Comment 1 above. The  revised F S  will consider, 
more specifically than it currently does, the new criteria f o r  detailed analysis of 
alternatives. 

Section 4.0. Comment 3 

The groundwater treatment section focuses only on treating organics in the groundwater. 
The RI and FS must address the other elevated constituents, namely the elevated 
radionuclides, inorganics and metals. I f  these constituents must be addressed by the 
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remedial alternative, as determined through ARAR and risk assessment, tlzen the FS must 
propose remed ial alternatives which will meet the requirements. 

Resuonse to Section 4.0. Comment 3 

T h e  response to F S  Section 3.0 Comment 2 addresses this comment. 

Section 4.0. Comment 4 

The FS should evaluate the specific efficiencies of treatment for. each contaminant of  
concern. 

Resuonse to Section 4.0. Comment 4 

U V  peroxide, activated carbon,  and a i r  stripping technologies can be designed to 
achieve the e f f i c ienc ies  required for removal of the organic contarninants to meet 
A R A R s  f o r  discharge of the eff luent.  T h e  conceptual designs a n d  the associated cost 
f o r  implementation reflect achieving these removal efficiencies.  

Section 4.0. Comment 5 

Implementability o f  carbon adsorption may be affected by the poterrtial problems 
associated with radionuclides in the groundwater. The effects. safety problems and 
disposal implications o f  the radionuclides should be determined ilr this section before the 
technology can be evaluated. 

Resuonse to Section 4.0. Comment 5 

Treatability studies are underway to evaluate the adsorption o f  radionuclides on 
activated carbon. Even i f  radionuclide adsorption is determined not to be signif icant,  
U V  peroxide is stil l  the preferred technology because it destroys contaminants directly 
in the water a n d  therefore obviates the need f o r  treatment o r  disposal of secondary 
waste streams. Favorable results f rom the treatability study may suggest use of 
activated carbon as a back up system to U V  peroxide. 

Section 4.0. Comment 6 

The data resulting from the bench scale testing of  881 Hillside groundwater should be 
presented in the section discussing the UV/peroxide treatment system. The production o f  
hydrogen chloride in the o f  fgas post treatment with W/peroxide should be addressed 
technically. 

Resuonse to Section 4.0, Comment 6 

T h e  revised FS will present the  treatability study data f o r  U V  peroxide. T h e  
oxidation of trichloroethane produces three moles o f  hydrogen chloride per mole o f  
trichloroethane. Given a typical feed concentration o f  1 mg/l chlorinated volatile 
organic compounds (-0.01 mM), 0.03 mM hydrogen chloride wil l  be produced, which 
will produce a 1.5 mg/l (as calcium carbonate) reduction in a l k a l i n i t y .  This  reduction 
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in alkalinity will have a n  insignificant impact on pH. Even at  ten times this 
concentration the impact on pH will be small. There should bc no degassing of 
hydrogen chloride. The solubility of hydrogen chloride is 820,000 mg/l .  This 
discussion will be added to the FS. 

0 

Section 4.0, Comment 7 

The expectation that a french drain will be highly effective in containing and collecting 
contaminated groiindwnter at the 881 Hillside needs to be substantiated. The deternrination 
o f  extent o f  contamination into bedrock and the risks associated with this cotitantination is 
prerequisite to evaluating this alternative. The implementability o f  this type o f  structure to 
depths greater than 10 feet is at issue. How is it known that the footing drain at Building 
881 has not clogged partially? What is the life expectancy o f  the low permeability barrier 
to be placed on the downgradient side of the trench? The 
alternative as proposed does not address the Contaminated ground water in the weathered 
horizons o f  the claystone bedrock, 

ResDonse to Section 4.0, Comment 7 

What will this material be? 

Based on the RI conclusion that  bedrock groundwater is not contaminated with 
volatile organics, the french drain will be highly effective in containing and collecting 
groundwater contaminated with volatile organics. Implementability does not appear  to 
be a problem. Dewatering is expected to be minimal, and there a r e  new techniques for  
cost effective shoring should soil stability be a problem. It is not known if the footing 
drain is partially clogged but  its continued effectiveness for  over 30 years without 
cleaning nevertheless supports the contention of the long useful life of  the french 
drain. The low permeability barrier will be a synthetic membrane (page 3-13, second 
paragraph). T h e  material will be HDPE. The life of synthetic membranes is a t  least 
20 years based on observed service to date of such membranes. Response to FS Section 
2.0 Comment 4 addresses weathered bedrock contamination. 

Section 4.0, Comment 8 

The underlying weathered claystone may adversely affect the performance o f  the total 
encapsulation alternative. It is unclear how the internal sump system incorporated in this 
alternative would be expected to maintain an inward gradient, especially given the slope o f  
the hillside. The expectations that the compacted soil walls will provide performance equal 
to the slurry wall needs to be substantiated. The statement that the released contaminants 
will not pose a hazard to public health or the environment is unsupported. Dilution is 
prohibited from being substituted for treatment. Contaminated ground water must be 
mitigated prior to release. The statement that soil excavated must be returned to the area 
from which it was removed in order to avoid triggering the land disposal restrictions is 
incorrect. Contaminated soil can not be used for backfill material. 

--=. 

, 
r' 

ResDonse to Section 4.0. Comment 8 

Response to F S  Section 2.0 Comment 4 addresses weathered bedrock conditions. The 
internal sump system would be located at  the lowest elevation within the encapsulated 
area in order to effectively dewater the contained volume and  thus maintain an 
inward gradient. The compacted clay barrier can be installed to achieve a hydraulic 0 
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0 conductivity of cm/sec. Although soil-bentonite slurry walls can achieve 
hydraulic conductivities of cm/sec, the higher hydraulic conductivity for  the 
compacted clay barrier is standard practice for  underlying soil liners i n  RCRA multi- 
layer caps. See the response to FS Section 3.0 Comment 7 regarding contaminants 
outside the encapsulated material. Moving or consolidating waste witbin the same unit 
o r  area o f  contamination does not constitute disposal and thus does not trigger land 
disposal restrictions, therefore the statement regarding land disposal restrictions 
stands. It is not clear the reason why contaminated soil cannot be used for backfill if 
the risk assessment indicates this material does not pose an  unacceptable risk to the 
public health. 

Section 4.0, Coninient 9 

The source well and footing drain option will not address the risks associated with the 
pltime downgradient o f  these two sources. 

Response to Section 4.0. Comment 9 

As  stated in Table  5-1, page 5-3, "there is insufficient data to reliably conclude that 
there will  not be public exposure to contaminants off-site a t  some point in the future." 
This is primary reason the alternative was not chosen as the preferred alternative. 

Section 4.0. Coninient 10 

I f  the treatment technologies will  not meet ARARs for manganese. selenium. total dissolved 
solids, alpha and beta then the FS should address technologies which will meet these 
requirements. The action specific ARARs should address the o f fgas  eniissions from the 
treatment of  the groundwater. 

Response to Section 4.0. Comment 10 

a 

The response to FS Section 3.0 Comment 2 addresses this comment. The revised ARAR 
analysis will include action specific ARARs for  off-gas emission. These will include 
the applicable CDH air pollution regulations. 

Sectiorr 4.0. Comment I I 
- 

The calciilatioiis presented in Appendix 3 are inconsistent with the narrative discussion o f  
Appendix 3. Table A3-2 includes a lump sum cost for the UV/peroxide treatntent system. 
Table A3-3, page I is titled UV/peroxide, while all subsequent pages are titled carbon 
adsorption and the total cost is estimated at 780,000, not $291,000. This may significantly 
affect the evaluation o f cost/bene fit and present worth calculations. 

r' 

Response to Section 4.0, Comment I 1  

The lump sum cost for  UV-peroxide in Appendix 3 , Table A3-2 is for equipment 
purchase and  installation only. Equipment purchase and  installation costs are 
adequate for  cost comparisons in  the selection of a water treatment system. The 
additional cost identified in Table A3-3 are for  electrical design and instrumentation 
as well as contingency. These costs should be reasonably constant for all water 
treatment technologies. 
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APPENDIX 1: RISK ASSESSMENT 

ADDe??diX 1. Comment I 

The method utilized to evaluate risk associated with the 881 Hillside is appropriate and 
good information is derived f rom this study. However, statements made in the text o f  the 
report are iriconsistent with the data and the appendix should be edited accordingly. The 
majority o f  the comments concerning this risk evaluation are directed towards these 
inconsistencies. 

Response to ADDendix 1 .  Comment 1 

T h e  revised risk assessment will be edited accordingly. 

Aooeudix I ,  Comment 2 

Althotiglt the risk assessment does not seem to be predicated on this basis, the statement is 
made that constituents will be eliminated from selection as an indicator chemical because 
there is insufficient evidence that the constituent originated f r o m  prior disposal practices. 
There is evidence that past waste management activities at 881 Hillside may have altered 
the groundwater chemistry o f  the hillside. The data 
suggest that the elevated metals, inorganics and radionuclides at the hillside may  be 
symptomatic of a problem at the hillside. No e f for t  is made to understand the problem 
and the symptoms are written o f f  as attributable to geochemical variability. This is 
unacceptable, as the proposed remedy cannot be evaluated as to effectiveness in solving the 
problem, i f  the problem is not understood. 

This is riot addressed b y  the RI. 

a 

Resoonse to Aooendix 1 .  Comment 2 

T h e  risk assessment did cover constituents which were not definitely known to be the 
direct result o f  post-disposal practices. 

I t  is agreed the data  suggest that elevated major elements, and possibly elevated trace - 
elements, may be symptomatic of waste-related problems at the hillside. However, 
these issues cannot be resolved until background chemical conditions are characterized. 
T h e  observed groundwater compositions are probably the result of a combination o f  
mobilization of  natural host rock constituents (e.g., via complexation of  selenium in 
alkaline solutions, degradation of  clays by organics), and the addition of waste-derived 
ions (e.g. chloride). In lieu o f  the limited background characterization, i t  is not 
possible to properly categorize the anomalously high metal and major ion 
concentrations. 

, 
t- 

AoDendix I ,  Comment 3 

Tables 2-10 through 2-12 identifying radionuclide levels in alluvial and bedrock wells and 
surface waters should identify what the minimum detectable activity is f o r  each 
radioisotope below minimum detectable activity. Why have only 3 beta/gamma emitting a 
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fission products Cs137, Sr89,90 been selected for monitoring in 
sur face water concentrations re fer  to total or dissolved only? 
explainable i f  both total and dissolved activities were presented. 

e 
Resuonse to Atmendix 1. Comment 3 

the groundwater? Do the 
The data nray be more 

Minimum detectable activities for  samples analyzed before 11/19/87 by Rockwell were 
30 pCi/l for gross alpha, and 80 pCi/l for gross beta. After this date, the MDA was 15 
pCi/l for gross alpha and 25 pCi/l for  gross beta. N o  information was given for  
MDAs for the other analytes. The  MDA for  samples analyzed for americium, 
plutonium, a n d  uranium after 10/1/87 had the following ranges: 0.12 to 1.6 pCi/l for 
plutonium 239,240; 0.21 to 3.3 pCi/l for  americium 241; and 0.16 to 6.7 pCi/l for  the 
uranium isotopes. In the future  when values are  below the MDA the MDA will be 
provided. Thlese fission products were chosen because they would be the most 
indicative of a, criticality incident a t  the facility. There has never been a criticality 
a t  the facility a n d  there is no need to continue analyzing for  fission products. The 
surface water concentrations are  total values. Beginning in 1988, surface water 
samples were analyzed for total and  dissolved concentrations. 

A~uendix I ,  Comment 4 

In the identification o f  indicator chemicals, the significance o f  the chemicals which ranked 
in the upper 50% for carcinogenic and non-carcinogenic effects is not iinderstood. EPA 
guidance does not of fer  this as an alternative and evaluation o f  risk associated with all 
elevated constituents is advantageous to the determination o f  risk and remedial action 
objectives. For constituents where toxicity constants are not available, EPA recognizes, as 
acceptable, the use o f  lowest observable effects numbers or numbers derived from these 
numbers. 

Resuonse to A m e n d i x  1. Comment 4 

The screening process used to identify indicator chemicals was based on EPA 
methodology (U.S. EPA, 1986, Chapter 3). Furthermore, the Risk Assessment Team ie- 
evaluated the potential risk of all  suspected contaminants on the 881 Hillside. 
Comparing the new results with the results using the previous selected indicator 
chemicals showed a less than one percent change in total risk thus indicating the 
selection process was valid. 

- 

ADDendix I .  Comment 5 

The exclusion o f  the downgradient surface water stations other than SIV--31 and SW-32 is 
not justified by postulating that other areas o f  RFP may be impacting the South 
Interceptor Ditch downgradient o f  SW-31 and SW-32. Conservative estimation o f  risk 
associated with the 881 Hillside should assume that the constituents found in the South 
Interceptor Ditch are a result o f  881 Hillside past waste disposal activities. Further 
studies o f  the 903 Pad and old landfill may better identify the sources o f  impact 
associated with the South Interceptor Ditch. 
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Response to AuDendix 1. Comment 5 
0 

Because Pond C-2 appears uncontaminated, i t  is not necessary to attr ibute surface 
water quality degradation downgradient o f  SW-31 and SW-32 to thc 881 Hillside 3s a 
conservative measure, especially considering other sources are likely contributors. 

Auoendix 1. Comment 6 

Why is it unlikely that the PCE detections in ambient air east o f  the 881 Hillside are 
related to past disposal activities at 881 Hillside? PCE was widely detected in soils at the 
881 Hillside. Composite soil samples may dilute the peak concentrations found in soils. 
Building 952 is a storage facility for  gas cylinders, mostly empty, not solvents. 

ResDonse to ADDendix 1 .  Comment 6 

As noted in Response 9,  Section 1.0 o f  the FS, Building 952  was mistakenly identif ied 
as the potential source o f  PCE i n  the air. T h e  potential source is Building 885,  a 
R C R A  drum storage area. 

Although volatile and semi-volatile organics were measured in on-site soil o f  the 881 
Hillside, it is not expected that  the  volatilization o f  these chemicals would result in 
ambient a i r  concentrations high enough to be o f  human health concern f o r  the 
following reasons: the analysis o f  soil samples revealed that  organics were not 
widely distributed nor present a t  high concentrations in the  soil and 2) limited 
ambient a i r  sampling conducted at areas of similar or higher soil gas concentrations 
did not indicate the presence o f  organics in the ambient a i r  at concentrations above 
detection limits (i.e., ppm range). See Appendix 1 Response 11 f o r  related discussion. 

1 )  

0 

Auuendix I ,  Comment 7 

Why are there instances where background ranges are presented as single nirmbers? 

ResDonse to ADDendix 1.  Comment 7 

In these instances, the constituent was undetected except f o r  the value shown. 
detection limit wil l  be used to show the range i n  the f ina l  version. 

Auoendix 1. Comment 8 

- 
The 

r' 

I f  the same analysis o f  radioactive contamination is utilized in the risk assessment as was 
offered in the RI, then possibly elevated radionuclides, Sr89.90, CSI37 and Pu239,240 may 
be incorrectly eliminated from the evaluation presented in the risk assessment. Detection 
limitations may preclude the accurate determination o f  elevation with respect to 
background for radionuclides. The background determination for  all constituents at the 
site is subjective and does not allow accurate evaluation of elevation with respect to 
background (see comments on RI). How are Sr89,90 and Cs137 eliminated from 
consideration when no background data exist? How are Pti239,240 and Am241 eliminated 
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front being considered as elevated in bedrock and alluvial groundwater when background is 
below detectable activity? 

ResDonse to ADDendix 1. Comment 8 

Responses to RI Section 4.0 Comments 6 and 8 and  RI  Section 5.0 Comment 15 address 
this comment. T h e  risk assessment will be revised as required in light o f  any new 
data. 

ADDe?idix 1 .  Cornnient 9 

The statement made  in Section 3.2.2 that none of the organic indicator chemicals were 
detected above detection limits in sur face water samples downgradient o f  lhe hillside is 
incorrect. Carbon tetrachloride was detected at surface water stations SIV-32, 29 and 30. 
Tetrachloroethane was detected at sur face water statiori SW-45. Trichloroethene was 
detected in surface water at SW-32, 29, 45 and 64.  

The ranges presented fo r  strontium concentrations do  not correlate with the data presented 
in the RI. Sicr f c c e  water station SW-42 samples contained tindetectable concentrations o f  
strontium. Downstream samples f r o m  surface water stations SW-27. 28, 30. 31, 62,  64,  32 
and 34 were all elevated with respect to background, some of which are considernblv higher 
than the range presented in this section. Where was the backgroiirtd fo r  sediment 
concentratioii o f  strontium determined? The 
comparison to a referenced "usual" level of strontium in the sediment is irrelevatit. 

It is not presented in the data o/ the RI.  

The U238 concentrations decrease f rom surface water station SW-36 to SW-35 to SW-44. 
N o  analysis o f  U 2 3 5  is presented for SW-36, but U235 concentrations decrease f r o m  SW-35 
to SW-44. U235 and U238 concentrations increase f rom station SIV-44 to SW-31. Trends 
fo r  U1233,234 are hard to recognize given the data. Uranium levels may iiicrense nt SW-30 
and this w be due to the SWMUs north of this station, however ihe conservative 
determination o f  risk associated with 881 Hillside should not assume that these constituents 
are the result o f  some other source. Ponds C-1 and C - 2  are elevated with respect to 
surface water sampled at SW-32 and SW-42. The data presented coiild indicate 881 
Hillside inipacts the South Interceptor Ditch. 

Resuonse to AuDendix 1. Comment 9 4 

Please note Response 1 to Section 2.0 in the RI for  a discussion of organic 
contamination i n  Woman Creek and  the South Interceptor Ditch (SID). The conclusion 
drawn from tha t  discussion suggests elevated organics in SW-29, -30, -32, and SW-45 
during,  11/87 is the  result of laboratory artifact. Further  sampling is necessary to 
verify this conclusion. 

However, trichloroethene and tetrachloroethene were above detection in SW-45 on 
05/26/88 (14 ug/I and  128 ug/l, respectively) and trichloroethene was above detection 
in SW-64 on 07/22/87 (20 ug/l). SW-45's organic contamination is directly attributed 
to past practices on the 881 Hillside. However, SW-64 is located immediately 
downgradient of the  903 Pad/East Trenches in a secondary ditch adjacent to the South 
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Interceptor Ditch. Contamination observed a t  SW-64 is probably not rclated to the 881 
Hillside past disposal practices. 

0 
As shown below, strontium concentrations in the surface water a r e  highly variable and 
could be attributed to background variations. Further background characterization of 
both the soils and  the surface water will be necessary to completely evaluate this 
question. 

STRONTIUM VALUES (MG/L) IN SOUTH INTERCEPTOR DITCH 
AND WOMAN CREEK SURFACE WATER 

South Interceptor Ditch Woman Creek 

SW-36 0.68 
sw-35 0.4 
sw-44 0.6 
sw-3 1 0.4 
SW-30 0.4 
sw-54 0.36 
SW-27 0.52 
Pond C-2 0.23 

SW-42 Not Detected 
sw-33 0.3 
sw-34 0.2 
SW-32 0.28 
Pond C-1 0.7 
SW-29 0.143 
SW-28 0.46 
SW-62 0.97 

It should be noted that: 1) SW-42 never flows into the South Interceptor Ditch; 2) SW- 
62 may be influenced by the South Interceptor Ditch; and 3) SW-64 is downgradient 
from the 903 Pad and  in a ditch adjacent to the SID. 

Uranium concentrations are  difficult  to interpret. Uranium 238 concentrations do not 
increase from station SW-44 to SW-31. The data  presented does indicate that the 881 
Hillside impacts the South Interceptor Ditch, however the old landfil l  and the 903 Pad 
may also be contributors. 

0 

URANIUM CONCENTRATIONS (PCI/l) IN SURFACE WATERS 
O F  SOUTH INTERCEPTOR DITCH AND WOMAN CREEK 

(06/88) 

U-233 
U-234 U-235 U-238 

- SID Total  Dissolved Total Dissolved Total Dissolved . SW-36 7.18 20.898 6.91 20.863 NR NR 28.4 21.42 35 ~ 1 . 9 3  
1 sw-35 1.20 20.218 1.51 20.522 .49+.483 NR 1.83 ~ 0 . 2 9 3  0.83520.47 

8 
sw-44 4.22 ~ 0 . 2 4 2  4.59 20.340 .27+.503 NR 3.61 20.334 3.77 
- +0.327 
sw-3 1 2.41 20.423 2.42 20.225 .46+.453 NR 2.71 20.476 2.76 
+0.257 
SW-30 2.32 20.227 1.69 20.335 ~ l 4 k . 6 2 ~  NR 2.88 20.259 2.99 
~0 .450  
Pond C-2l 1.5 k0.4 NA NR NA 2.6 50.6 NA 
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URAN CONCE [TRATIONS ( 3 / 1 )  IN I RFACE WATERS 
OF SOUTH INTERCEPTOR DITCH AND WOMAN CREEK 

(continued) 
(06/88) 

U-233 
U-234 U-235 U-238 

Total  Dissolved Total Dissolved Total Dissolved 
Woman Creek 

SW-32 0.45520.1 16 0.47020.136 0.07+.503 NR 0.426k0.133 0.28320.14 
5 
Pond C-1' 1.8 0 . 3  NA NR NA 1.5 k0.3 NA 

SW-422 0.13 50.09 NA NR NA 0.06 20.06 NA 

NR - Analyte Not Reported 
NA - Not Analyzed 

08/18/86 
08/01/86 
05/26/87 

ADDendis 1. Comment IO 

The facts that ponds C-I and C-2 contain elevated levels of  uranium with respect to 
proposed background ranges and both ponds are elevated for inorganics with respect to 
SW-42 indicate that sur face transport of contaminants is probable. The reasons for 
discounting this pathway must be related to concentration of constituents and not because it 
will not transport contaminants. 

a 
ResDonse to ADuendix 1. Comment 10 

Uranium variation in surface waters is discussed in the previous response (Appendix 1 
Response 9). I t  should be noted that  water initiating a t  SW-42 never enters Pond (2-2. 

Inorganics are  elevated in Pond C-1 with respect to SW-42; however inorganics in 
Pond C-2 are not elevated with respect to upgradient surface water in the South 
Interceptor Ditch. 

INORGANIC CONCENTRATIONS (mg/l) IN SURFACE WATER 
(08/86) 

C1' S04= Cyanide TDS 
- SID 
SW-36 39 64 ND 320 
SW-35l 33.6 74.0 ND 307 
Pond C-2 31 67 ND 340 

Woman Creek 
S W-42 2.0 3 0.00 16 31 
Pond C-1 22 38 ND 190 

1 - 07/87 
ND - Not Detected 
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ADDendix I .  Comment 11 

The borehole analyses as presented in the R I d o  not allow deterniinntion that solatile 
organics were not widely distributed. Ambient air sampling did detect PCE above 
detection liniits. Soil gas sampling detected PCE above detection limits throtcgho1:t the 881 
Hillside. Although the risks associated with the air migration pathway are likely to be low, 
the reasons presented for discotinting this pathway are incorrect. 

Response to ADDendix 1. Comment 1 1  

The reevaluation of borehole contamination presented in RI  Section 4.0 Rcsponses 10 
through 21 a n d  FS Section 1.0 Response 7, does corroborate the general statcment that  
volatile organic contamination is not areally extensive. Sce Appendix 1 Response 6 for 
a related discussion. 

Most of the soil gas counts of PCE were less than 1,000, the amount designated as the 
minimum reliable reading. 

The observation o f  PCE in air  is not considered a significant risk primarily because of 
the low concentrations observed. The fact  that  the PCE was detected next to an  active 
solvent collection area lends support to the assessment that  the remediation of past 
disposal effects a t  881 Hillside need not focus on PCE in air. Which reasons does 
Comment 11 refer  to as  incorrect? 
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APPENDIX 2: ARARs 

Chemical Specific ARARs Analysis 

ADDer1di.u 2, Comment 1 

The use o f  geometric mean for averaging alluvial ground water w l l  contantinant 
concentration is incorrect. Since all SWMU/operable units at the 881 Hillside a f f ec t  the 
same alluvial system, the ARAR evaluation should consider maximum concentration 
detected f o r  each constituent considered. The FS should also utilize an acceptable range 
fo r  background f o r  each constituent and compare the high constituent concentration to this 
range. The background and data interpretation concerns expressed in this document 
extend into the development and analysis of A R A R s  presented in the FS. We are concerned 
that an adequate ARARs analysis cannot be done i f  the same subjective. arid we believe 
arguable, interpretations of  data are utilized in the ARAR analysis as are presented in the 
R I / F S .  

ResDonse to Atmendix 2. Comment 1 

The highest concentration of a given contaminant a t  any one location has no relevance 
when considered in the context of the overall remedial objective of collecting and 
treating a combined alluvial groundwater flow. Review of the alluvial groundwater 
data for the 881 Hillside reveals that  wells completed in the alluvium exhibit a wide 
variety of contaminants and  contaminant concentrations ranging from low ug/l levels 
to mg/l levels. In  addition, the vast majority of alluvial wells were found to contain 
levels of volatile organics in the low ug/l range, not the mg/l range. Although i t  may 
be procedurally proper to compare the maximum concentrations found to ARARs, the 
use of these numbers would provide no insight into the levels of contaminants 
expected in the influent to the treatment facility. One of the purposes of the ARAR 
analysis is to provide a basis upon which to evaluate alternative remedial technologies. 
This could not have been done without some method of evaluating thc wide range in 
concentrations found throughout the 881 hillside. The geometric mean of alluvial well 

expected contaminant concentrations associated with the remedial alternatives of 
groundwater collection and  treatment en masse ns opposed to collection and treatment 
of individual "hot spots". 

0 

concentrations was used for  ARAR analysis because it more accuratcly reflects the -= 

, 
r' 

A~oer id ix  2, Comn?ent 2 

The A R A R  review f o r  soils is missing, as is an A R A R  review of  the bedrock groundwater. 
Bis(2-ethylhexyl)phthalate, di-n-butyl phthalate, fluorene, phenanthrene, anthracene, fliiroan- 
thene, pyrene, benzo(a)anthracene, chrysene, benzo(b) fluroanthene. ben,.o(k)fltiorniithene, 
indono( I ,2,3-cd) pyrene, benzo(g,h,i)perylene and diethylphthalate should be included with 
the volatiles detected fo r  the soil ARAR analysis. Elevated metals. inorganics and 
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radionuclides should also be evaluated in the soil ARAR analysis. All elevaled constituents 
in the bedrock grouiidwater should be evaluated in an ARAR analysis. 

ResDonse to ADDendix 2, Comment 2 

Although not implicitly stated in the FS, the analysis of ARARs for  soils a t  the 881 
hillside was not completed because there are no existing standards, criteria or guidance 
that could be construed as chemical specific ARARs for  soil remediation. The 
exceptions are  the CDH standard for  Permissible Levels of Radioactive Material in 
Uncontrolled Areas (Section 4.35.1 of Rules and Regulations Pertaining to Radiation 
Control, Colorado State Board of Health, April 1, 1978) of 2 disintegrations per minute 
per gram (dpm/g) of plutonium, or 2 dpm per square centimeter; and NRC's guidance 
on releases of radioactive materials to controlled areas. 

Revisions to the FS will include a discussion of the potential ARARs associated with 
radionuclide contamination in soils. 

In the absence of chemical specific soil ARARs, the approach taken in the F S  was to 
perform a risk assessment using the most conservative scenarios of  exposure to 
determine if concentrations of contaminants in the soil posed a n  unacceptable level of 
risk. 

A separate analysis of chemical specific ARARs should be performed for  the 
constituents found to be elevated in the bedrock groundwater. 

Aooendix 2, Comment 3 

A "to be considered" column should be included in the FS presentation o/ the ARAR 
analysis. The health advisory level for t-1,2 dichloroethane is 70 microgrnm/liter lifetime 
intake for  a 70 kg adult. The health advisory level for rneth-vl ethyl ketone is 170 
micrograrn/liter lifetime intake for a 70 k g  adult. not 860 rnicrogram/liter as stated in 
the report. 

Resconse to A m e n d i x  2, Comment 3 

A "To Be Considered" column was not included in order to simplify the presentation 

, Considered" cri teria or health advisories were noted in the "ARAR" or "Comment" 

--. 
of potential ARARs and to conserve space. However, consideration of "To Be 

column in every case where there was a lack of promulgated or  enforceable health- 
based ARAR, or  where the promulgated or enforceable ARAR did not adequately 
address the protection of human health. 

i' 

Perhaps trans-1,2-dichloroethene was intended by the comment instead of trans-l,2- 
dichloroethane. 1,2-dichloroethane does not exhibit geometric isomerism because of 
the lack of a double bond. The current EPA drinking water health advisory level for  
trans- 1,2-dichloroethene is 100 ug/l and was obtained from personal communication 
with the Off ice  of Drinking Water, Health Effects Section. The level for methyl ethyl 
ketone of 860 ug/l for  a lifetime intake for  a 70 kg adult  was found in USEPA, 
OERR, Superfund Public Health Evaluation Manual, OSWER Directive 9285,4-1, 
October 1986, Appendix 4-8. The current lifetime drinking water health advisory 0 
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level for methyl ethyl ketone is 200 ug/l. 
Office of Drinking Water. 

This level was also obtained from the 0 

Aeeeitdix 2, Comment 4 

It is unclear how the distinction between applicable and relevant arid appropriale is made 
in the FS presentation o f  chemical specific ARARs in Appendix 3. For example. why are 
the SDWA MCLs for carbon tetrachloride, 1.2 dichloroethane. I , !  dichloroethene, 
trichloroethene, 1 ,l,l trichlorethane considered relevant and appropriate and not applicable? 
Also, since Rocky Flats Plant is a RCRA facility, the groundwater proteclion staiidards are 
applicable. The groundwater protection standards are background, MCLs (as specified in 
40 CFR 264.94) or ACLs (alternate concentration limits) proposed by the facility. Since 
volatile organics are not listed in Table 1 of 40 CFR 264.94, the ARAR for organics should 
be background, i.e.. 0.0 ppb. The ARAR for volatile organics would therefore not be met 
for any volatile compound detected in the groundwater. The FS presentation o f  chemical 
specific ARAR should utilize a column of RCRA background under the potential ARAR 
requirements. This would make the screening results more clear. 

ResDonse to AuDendix 2. Comment 4 

The SDWA MCLs were determined to be relevant and appropriate fo r  certain volatile 
organics based on our interpretation that  the alluvial groundwater on the 881 hillside 
is not used directly as a public drinking water source. It could be argued, based on RI  
data,  that contaminated alluvial groundwater from the 881 hillside discharges to 
Woman Creek which in tu rn  discharges to Standley Lake, and  that  this represents 
direct connection to a public drinking water source. However, MCLs are only 
applicable "at the tap". The  f ac t  that  potential pathways exist f o r  contamination of 
Standley Lake by volatile organics led us to conclude that the SDWA MCLs a re  not 
directly applicable, but are  sufficiently similar, in this case, t ha t  their  use is relevant 
and  appropriate. The determination that  the SDWA MCLs a re  relevant and 
appropriate instead of applicable does not affect  the conclusion tha t  SDWA MCLs are 
ARAR. 

0 

Because hazardous wastes were not received a t  the 881 Hillside a f t e r  July 26, 1982, the 
SWMUs on the hillside a re  not regulated units and therefore a r e  subject only to 

protection standards are  not directly applicable to the 881 Hillside but the 
circumstances a r e  such that their  use would be relevant and appropriate. Note that 
the performance goals established fo r  remediation are background concentrations for 
organics; and RCRA MCLs or background fo r  metals pursuant to these ARARs. 

Subpart  F Part  264.101. Based on this interpretation, the RCRA groundwater -- 

r' 

I t  is agreed that a column tha t  includes RCRA background would make the screening 
results more clear. 

Aeuendix 2. Comment 5 

All o f  the volatile organics detected in the groundwater should be evaluated in the chemical 
speci fic ARAR analysis. This includes 2-butanone and acetone in addition to the volatiles 
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already evaluated. The SDWA MCL for chloroform is 100 ppb i f  no other trihalomethanes 
are present in significant concentrations in the groundwater. 

Resoonse to Aooendix 2. Comment 5 

Acetone and  2-butanone (also known as methyl ethyl ketone) are evaluated in the 
screening of chemical specific ARARs found in Appendix 2. 

. 

Auuendix 2, Comment 6 

Why is the ambient water qiiality criteria for t-1.2 dichloroethene not protective of  human 
health? Are CDH agricultural ground water standards published or proposed for organic 
chemicals, conventional pollutants and the radionuclides presented? 

Resoonse to A m e n d i x  2, Comment 6 

The statement that  Federal Ambient Water Quality Criteria are  not protective of 
human health is in error. However, because the criterion for trans- 1,2-dichloroethene 
of 11,000 ug/l is  so much higher than the CDH proposed surface and groundwater 
standards of 0.033 and  0.03, respectively, the CDH proposed standards were used as the 
potential ARAR. 

CDH agricultural standards are published in the State's Basic Standards and 
Methodologies under 5 CCR 1002-8, Section 3.11.5. Standards are  set for most of the 
conventional pollutants and  radionuclides presented in the chemical specific screening 
tables. Standards are  also set for  organics listed in EPA's list of Primary Drinking 
Water Standards. 

0 

I 

r' 

CDH has developed proposed standards for the volatile organic compounds listed in 
the organics section of the screening tables. These standards were prepared as 
amendments to the existing Basic Standards and  Methodologies and were released for 
public comment in November, 1987. Because the proposed standards are all as 
stringent as, or more stringent than SDWA MCLs for  these compounds, they were 
retained as "To be Considered" in the ARAR analysis. 

AuDendix 2. Comment 7 

Section 121(d)(2)(a) of  CERCLA states that MCLGs can be relevant and appropriate, and 
are not limited to being considered. DOE and Rockwell need to explain why EilCLGs are 
relevant and appropriate "under the circumstances of the release or threatened release". 

ResDonse to Aooendix 2. Comment 7 

It is agreed tha t  the use of MCLGs may be relevant and appropriate under the 
circumstances existing a t  the 881 hillside. Section 121(d) of CERCLA as amended by 
SARA suggests that  MCLGs may be appropriate under certain circumstances of the 
release or threatened release of hazardous substances. This is reinforced in EPA's 
document entitled, Draf t  CERCLA ComDliance with Other Laws Manual. Volume 11, 
June 1987, that  identifies the special circumstances where MCLGs should be 
considered as ARAR. These circumstances a re  where there are multiple con taminants 
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in groundwater, or  where multiple pathways of exposure present extraordinary risks. 
According to the guidance document, the use of MCLGs should be determined on a 
site-specific basis in consultation with EPA headquarters. 

0 

Aooendix 2, Comment 8 

Comment number 2 above is applicable to the metals analysis o f  ARARs. The RCRA 
groundwater protection standards are applicable. Background would he the applicable 
RCRA requirement in the case that the contaminant MCL is not listed in Table I of  40 
CFR 264.94 or background is higher than the MCL listed in Table I .  Thus unless the CDH 
groundwater standard, CDH water quality limited standard or MCLG is more stringent 
than the background requirement, the RCRA background requirements niiist be the level o f  
protection for remediation in the case that an MCL listed in Table 1 is not applicable. The 
ARAR analysis should address the Federal ambient water quality criteria proposed and 
published for metals. 

Response to ADDendix 2, Comment 8 

The response to Appendix 2 Comment 4 addresses most of this comment. During 
preparation of the chemical specific ARARs screening table, i t  became evident that  
CDH water quali ty limited standards for  metals are more stringent than Federal 
Ambient Water Quality Criteria. Revisions to the F S  will contain a column for 
Federal Ambient Water Quality Criteria as a id  in comparison between other potential 
ARARs. 

Aouendix 2, Comment 9 

When the MCLs, etc., have not been exceeded, and the constituent is within or below the 
background range, then the remediation need not address the specific constituent, provided 
the concentration present does not pose an unacceptable risk. 

Response to ADDendix 2. Comment 9 

This is the correct application of ARARs to CERCLA actions, and  the objectives and  
scope of  remedial actions. 

ADDei?dix 2. Comment IO r' 

Why is the- CDH water quality limited standard for cadmium not applicable? HOW was it 
determined that the CDH human health standard for  chromium, lead. nmrrganese, ntercury, 
silver and copper is applicable and not the CDH water quality limited standard? Why is 
strontium not considered in the chemical specific ARARs analysis? Why is background 
proposed as the GWPS for chromium VI  when a RCRA MCL is applicable? 

Response to ADDendix 2, Comment 10 

During the preparation of the FS the CDH water quality limited standards were not 
considered applicable for  the metals indicated because the recommended remedial 
alternative d id  not involve direct discharge to surface water. Considering that 881 0 

-- 
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hillside alluvia1 groundwater potentially discharges to Woman Creek,  it is agreed that 
the more stringent water quality limited standards should be retained as the A R A R  
for  the metals that  have CDH water quality limited standards. 

0 

Aouendix 2, Comment I I 

The piiblished lifetime health advisories for nickel, cadmium and lead are 0.150 nzg/l, 
0.005 mg/l, 0.020 mg/l, 10.0 mg/l and 1.0 mg/l respectively. These are less than the 
CDH groundwater standards for agriculture and human health, which are proposed in the 
FS as applicable. 

Response to ADDendix 2. Comment 1 1  

These health advisories will be considered in the A R A R  analysis but thcy would not 
be A R A R  in t h e  event a more stringent promulgated health based standard is 
available. Note the  response to Comment 10 states that C D H  groundwater standards 
f o r  human health a n d  agriculture were considered A R A R  because the proposed 
remedial action involved direct discharge to groundwater. T h e  more stringent CDH 
water quality l imited standards will  be incorporated into revisions of the FS and will 
likely be the A R A R s  selected. 

Aouendix 2. Comment 12 

The November, 1985 proposed MCLGs for arsenic, chromium, lead, nitrate arid nitrite are 
0.05 nig/l, 0.12 mg/l, 0.020 mg/l, IO.0 mg/l and 1.0 mg/l respectively. It should be 
noted that these were proposed in November o f  1985 and new proposals are anticipated. 

e 
ResDonse to ADDendix 2. Comment 12 

These proposed h lCLGs  are noted and will be incorporated into FS revisions 

Aouendix 2, Comment 13 

Are the CDH groirndwater standards presented in the conventional pollutants niialysis for z 

human health or agriculture? 
nitrogen. 
standard addresses. 
(i.e.. coli form, dissolved oxygen, ammonia, sulfide and free cyanide)? 

There is a SDWA MCL f or  nitrate equal to IO mg/l as 
Total coliform should be considered in the ARAR analysis as this is what the 

How will the analytes which have not been measured be evaluated, z 

ResDonse to ADDendix 2. Comment 13 

T h e  CDH groundwater standards presented i n  the conventional pollutant analysis are 
either human health or agricultural standards. T h e  parameters listed do not 
necessarily have both a n  agricultural standard a n d  a human health standard. If the 
parameter has both a n  agricultural and a human health standard the more restrictive 
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standard was presented as the potential ARAR. If the parameter has only one 
standard, that  standard was presented as the potential ARAR. 

0 
The nitrate SDWA MCL was overlooked and  will be included in the rcvised ARAR 
analysis. Note, however, that the CDH groundwater and water .quality limited 
standard for  nitrate is also 10 mg/l as nitrogen and would therefore not a f fec t  the 
results of the ARAR analysis. 

Conventional pollutants that were not measured were included in the ARAR screening 
tables as a matter of  completeness; however, there is no indication that these 
parameters are  of concern at the 881 hillside. To determine if the potential ARARs 
(CDH water quality limited and  groundwater standards) for  these parameters are 
exceeded, analyses will be run on a one time basis. 

Aooendix 2, Comment 14 

How will  the proposed remedial alternative affect the temperature o f  the aquifer (i.e.. will 
there be a temperature increase associated after reinjection)? Will pH be a ffected by the 
remediation? These consideratiom must be analyzed prior to dismissing the requirement in 
light o f  the proposed remedial alternative. 

Resoonse to Aooendix 2, Comment 14 

The  mean values f o r  pH and temperature f o r  the alluvial groundwater do not exceed 
the acceptable ranges identified in  the ARAR screening tables. The fact  that  these 
values do not exceed ARARs and were not identified as a concern does not imply that 
these parameters will be dismissed during remediation. pH and  temperature controls 
will be maintained to monitor treatment processes, and will be mandatory under the 
substantive requirements of an  UIC or  NPDES permit. 

0 

Aooendix 2. Comment 15 

I f  the geometric mean for gross alpha measured at the 881 Hillside includes uranium and 
radon, then numbers cannot be compared to the SDWA MCL. Why is the SDWA MCL for  
gross beta relevant and appropriate and not applicable? The MCL indicated in the FS for  
gross beta is 50 pCi/l. This is incorrect. 40 CFR 141.16 establishes the MCL for beta 
particle and photon radioactivity from man-made radionuclides at a total anniial dose not 
greater than 4 millirem/year. I f  two or more radionuclides are present, the sum o f  their 
annual dose equivalent to the body or to any organ shall not exceed 4 niillirem/year, 

- 

r‘ 

Resmnse to Aooendix 2. Comment 15 

Appropriate isotopic analyses will be conducted on future samples to allow calculation 
of a gross alpha level that  can be compared to existing standards for  gross alpha. 

The  SDWA MCL for  gross beta was determined to be relevant and  appropriate because 
the groundwater on the 881 hillside is not used directly as a drinking water source. 
As correctly pointed out, in the f inal  analysis this value is moot in light of the MCLs 
established under 40 CFR Part 141.16. To determine if the 4 millirem per year 
(mrem/yr) annual  dose equivalent limit is met, a ratio of the mean concentration of 0 
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the man-made radionuclides to the MCL listed for  that  radionuclide is calculated. The 
sum of the ratios should be less than or equal to one. In this case, for plutonium 
239,240, americium 241, strontium 89,90, and  tritium, the sum o f  the ratios o r  average 
concentrations to MCLs is: 

0 

0.44/40 + 0.46/4 + 122/90,000 + 1.64/8 = 0.33 

The 4 mrem/yr annual.dose equivalent limit is met. This analysis will be included in 
ARAR revisions. 

ADDendix 2. Comment 16 

40 pCi/l can be considered an MCL for Pu239 only if Pu239 is the only beta/photon 
emitter present. This same comment is applicable to the Am241, tritiirm, Cs137 and 
strontium 90 S D W A  MCLs. Why are Cs134, Ra226/Ra228 and Th23O/Th232 addressed in 
the ARAR analysis? Should the radioactive analysis for  groundwater at 881 Hillside 
include the entire "laundry list" of  man-made radionuclides? Justification for  the analyses 
proposed should be made. Again, the SDWA MCL for  cesium is only appropriate i f  it is 
the only man-made beta/photon emitter present. The correct MCL is the total o f  combined 
Ra226 and Ra228 not to exceed 5 pCi/l. There is a 1983 health advisory for  uranium 
setting a limit on chronic exposure to IO pCi/l. The analysis o f  ARAR for  beta/photon 
emitters at the 881 Hillside should consider the maximum concentrations detected and 
cumulatively evaluate the level in light of  the 4 millirem/year dose equivalent. Why has the 
ARARs analysis not evaluated the CDH soil standard o f  2 dpm/gm? 

0 ResDonse to ADuendix 2. Comment 16 

The response to the comment on the MCL f o r  plutonium is addressed in the response 
to Appendix 2 Comment 15. The radioactive chemical specific ARARs analysis 
included cesium, radium and thorium isotopes as a matter of completeness and to 
present the CDH standards for these isotopes. Because there is no basis for  including 
these elements i n  a evaluation of ARARs a t  the 881 hillside they will be excluded in 
the FS  revisions. 

Response to Appendix 2 Comment 1 of this section addresses the comment relating to 

4 mrem dose equivalent. 

The  1983 health advisory level for uranium of 10 pCi/l will be included in the ARAR 
analysis in revisions to the FS. 

The CDH soil standard of 2 dpm/g will be addressed in the revised chemical specific 
and action-specific ARAR analysis. 

the use of the maximum concentrations of radionuclides detected when calculating the -= 

r' 
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ACTION SPECIFIC ARARs ANALYSIS 

Comment I 

I t  would be helpful to separate the action specific A R A R s  analysis into those dealing with 
the soils and those dealing with groundwater. 

ResDonse to Comment 1 

It is agreed that  the preparation o f  action specific ARARs f o r  both groundwater and 
soils would provide more clarity. 

Coni me nt 2 

Considering the interconnection between the alluvial groundwater and the silt face water 
f low in Woman Creek, direct groundwater discharge o f  treatment system effliient should be 
considered in the A R A R  analysis. Which contaminants may not be controlled to levels 
required by in-stream standards due to limitations of  Best Available Technology? 

ResDonse to Comment 2 

The action-specific ARARs associated with direct groundwater discharge of treatment 
system eff luent are identified in the section on Underground Injection of  Wastes and 
Treated Groundwater in Appendix 2. Many of  the CDH water quality limited 
standards for metals are set at  levels below those that would be achievable by Best 
Available Technologies (BAT). 

Con1 men t 3 

Why are the RCRA requirements not applicable for hazardous waste injection wells (40 
C F R  I44.16)? 

ResDonse to Comment 3 

The RCRA requirements for hazardous waste injection wells are not applicable 
because contaminated groundwater from the 881 hillside is not R C R A  hazardous waste 
(SWMUs on the hillside are not regulated units). At best, the R C R A  requirements are 
relevant and appropriate and should have been identified as such in the action 
specific A R A R  analysis. 
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Comment 4 

Why are the RCRA requirements for  treatment of storage in tanks and storage in containers 
relevant and appropriate and not applicable? 

ResDonse to Comment 4 

T h e  R C R A  requirements f o r  storage and treatment of hazardous waste in containers 
and tanks is relevant and appropriate because contaminated groundwater from the 881 
hillside is not hazardous waste (SWMUs are not regulated units). 

Comment 5 

EPA's off-si te policy, codified in SARA section 12I(d)(3),  should be considered for off-  
site treatment, storage or disposal. 

Response to Comment 5 

EPA's off-site policy is addressed in the action specific A R A R s  screening table section 
of Appendix 2, entitled Off-Site  Treatment. Storage or Disposal. 

Coni me nt 6 

The RCRA disposal requirements are applicable fo r  current disposal. The chart should 
state that the disposal requirements are both applicable and relevant and appropriate 
considering the past and present releases associated with the 881 Hillside. The detection 
monitoring program is applicable, but has been complied with. 

Response to Comment 6 

R C R A  disposai requirements a r e  not applicable in light o f  the  f a c t  that there is no 
current disposal o f  hazardous wastes a t  the 881 hillside, nor a r e  there any activities 
that would constitute disposal proposed under the preferred remedial alternative. 
EPA's C E R C L A  ComDliance With Other Laws Manual, August 1988 is quite clear on 
the definition of activities that constitute disposal. T h e  manual states: "€PA has 
determined that placement triggering the land disposal requirements occurs when 
disposal occurs. Thus,  f o r  placement to occur, the waste must be picked up and moved 
across the boundary o f  a unit or  a n  area o f  contamination in  which i t  was originally 
located." 

-= 

T h e  comment that  the action-specific A R A R s  should indicate that the disposal 
requirements under R C R A  a r e ,  both applicable and relevant and appropriate 
considering the past and present releases associated with the 8 8  1 hillside is incorrect. 
Present releases f r o m  SWMUs should not be equated with current disposal of 
hazardous waste. 

T h e  only applicable R C R A  requirements relating to releases f r o m  "non-regulated" 
SWMUs are found in  40 CFR Part  264.90 (a)(1),(2) and 264.101. The  remaining 
Subpart F requirements were considered to be relevant and appropriate considering the 
circumstances of the release. These requirements involve the initiation of a corrective 
action program and compliance and detection monitoring which are  currently being 
implemented. 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE FS REPORT DATED 3/1/88 
24 FEBRUARY 1989 PAGE 41 



LOCATION SPECIFIC ARARs ANALYSIS 

Comment 1 

If the wastes associated with the 881 Hillside are hazardotts and siibseqiiently treated or 
disposed, then the siting requirements would be applicable, not relevant mid appropriate. 

Resuonse to Comment 1 

Siting requirements would be applicable if  groundwater and  soils are  defined as 
hazardous waste. 
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ATTACHMENT A - TABLES 

DESCRIPTION TABLE NO. 

1 p H  values in Alluvial Groundwater Wells 

2 Qualified Soil Results for  Methylene Chloride 
in  Laboratory Blanks 

3 Maximum Potential Carcinogenic Risks and Hazards 
Indice for Organics in Soils 

Qualified Soil Results for Acetone in 
Laboratory Blanks 

4 

5 Qualified Soil Results for 2-Butanone in 
Laboratory Blanks 

6 Qualified Soil Results for  bis(2-ethylhexyl) Phthalate 
in Laboratory Blanks 

0 7 

8 

Soil Gas Sampling QA Results 

Qualified Soil Results for Trichloroethene in 
Laboratory Blanks 

Qualified Soil Results for n-Nitrosodiphenylamine 
in Laboratory Blanks 

9 

Qualified Soil Results for  di-n-butyl Phthalate 
in Laboratory Blanks 

10 

Vertical Gradients Calculated f o r  Well Pairs a t  
the 881 Hillside 

11 

12 

13 

Major ions in Alluvial Wells West of the Plant 

Major Ion and Elevated Metal Concentrations 
in  Well 69-86 

14 Major Ion and  Elevated Metal Concentrations 
in Well 59-86 

15 

16 

Major Ion Concentrations in  Well 8-87BR 

Dissolved Uranium Concentrations in Wells 69-86, 59-86, 
and  8-87BR 

RESPONSES TO EPA COMMENTS ON THE DRAFT 881 HILLSIDE RI REPORT Dated 3/1/88 
24 February 1989 PAGE i 



17 Major Ion and Elevated Metal Concentrations 
in Well 2-87 

18 Major Ion and Elevated Metal Concentrations 
i n  Well 3-87BR 

Dissolved Uranium Concentrations in Wells 2-87 and  3-87BR 19 

20 Dissolved Uranium Concentrations in Wells 9-74, 43-87, and 8-87BR 

21 Maximum Potential Carcinogenic Risk and Hazard 
Indices for Common Labratory Organics Detected in  
Groundwater 

22 South Interceptor Ditch Surface Water Analyses of 
Uranium -238 and  Uranium -234 

RESPONSES TO E P A  COMMENTS ON THE DRAFT 881 HILLSIDE RI REPORT Dated 3/1/88 
24 February 1989 PAGE i i  



TABLE 1 

PH VALUES I N  ALLUVIAL GROUNDWATER WELLS 

6 1-86 

68-86 

9-74 

10-74 

69-86 

70-86 

2-87 

4-87 

48-87 

52-87 

6.9 - 7.4 

6.7 - 7.2 

7.0 - 7.3 

6.7 - 7.5 

6.2 - 7.8 

7.0 - 11.9 

7.2 - 7.8 

5.6 - 7.7 

6.6 - 7.6 

6.7 - 6.8 

. 
r' 



TABLE 2 
QUALIFIED SOIL RESULTS 

FOR METHYLENE CHLORIDE I N  LABORATORY BLANKS 

CRQL = 5 LAB BLANK FACTOR = 1 0  

BOREHOLE SAMPLE 
NUMBER NUMBER 

BH0187 

BH0287 

BH0387 

BH0487 

BH0587 

BH0687 

BH0787 . 
r' 

BH0887 

BH0987 

BHO18701 UT 
BH018704US 
BH018710US 

BH02870012 
BH02871214 
BH028714CT 
BH02871420 
BH028718BR 

BH03870204 
BH038702UT 
BH038709CT 
BH038712BR 

BH04870010 
BH048710UT 
BH048715CT 
BH048719BR 

BH05870005 
BH058705CT 
BH058708BR 

BH06870010 
BH06871020 
BH068726CT 
BH068730BR 

BH078705CT 
BH07870510 
BHO78708BR 
BH078710US 
BH07871013 

BH08870007 
BH088707CT 
BH08871OBR 

BH09870010 
BH098706UT 
BH098711CT 
BH098714BR 

SAMPLE 
DEPTH 
( f t )  

0.20 - 1.40 
4.50 - 5.70 
10.00 - 11.50 

0.00 - 11.80 
11.80 - 14.30 
12.00 - 14.30 
14.30 - 20.40 
17.90 - 18.60 

2.00 - 4.00 
2.45 - 3.90 
7.15 - 8.75 
11.75 - 13.25 

0.00 - 10.00 
10.30 - 12.80 
15.30 - 15.70 
19.30 - 20.30 

0.00 - 4.50 
2.00 - 4.50 
7.50 - 9.30 

0.00 - 10.00 
10.00 - 20.00 
24.10 - 25.50 
27.00 - 30.00 

4.30 - 4.80 
5.00 - 10.00 
7.80 - 9.68 
9.68 - 10.35 
10.35 - 13.00 

0.00 - 6.10 
6.10 - 7.00 
10.20 - 12.10 

0.00 - 10.00 
6.03 - 6.60 
10.08 - 11.30 
14.30 - 14.75 

SAMPLE 
MASS 
(gm) 

1 .o 
1 .o 
1 .o 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

1 .o 
1 .o 
1 .o 
1 .o 

5.0 
5 .o 
5.0 

5 .o 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

1 .o 
1 .o 
1 .o 

5.0 
5.0 
5.0 
5.0 

SAMPLE 
RESULT 
(ug/kg) 

10 JB 
12 JB 
10 JB 

23.1 
34.0 
49 B 
200 B 
36.2 

2 JB 
24 JB 
13 J 

8 J  

17 JB 
16 JB 
1 1  JB 
22 JB 

38 
18 J 
38 

13 J 

42 
83 
23 J 

200 B 
210 B 
590 B 
49 B 
130 B 

32 B 
23 JB 
19 J 

39 B 
63 B 

11.9 
39 B 

BLANK 
RESULT 
(ug/l) 

1 J  
1 J  
1 J  

5 u  
5 u  
5 J  
5 J  
5 u  

2 J  
2 J  
2 J  
2 J  

1 J  
1 J  
1 J  
1 J  

2 J  
2 J  
2 J  

2 5  
2 J  
2 J  
2 J  

5 J  
5 5  
5 J  
5 5  
5 J  

1 J  
1 J  
1 J  

2 J  
2 J  
5 u  
2 J  

QUAL I PI ED 
RESULT 
(ug/kg) 

25 U 
25 U 
25 U 

23.1 
34.0 

200 
36.2 

49 u 

5 u  
24 
13 U 
8 U  

25 U 
25 U 
25 U 
25 U 

38 
18 U 
38 

13 U 
42 
83 
23 

200 
210 
590 
49 u 
130 

32 U 
25 U 
25 U 

39 
63 

11.9 
39 



TABLE 2 (CONTINUED) 
QUALIFIED S O I L  RESULTS 

FOR METHYLENE CHLORIDE I N  LABORATORY BLANKS 

CRQL = 5 LAB BLANK FACTOR = 1 0  

. - *  BOREHOLE SAMPLE 
NUMBER NUMBER 

BH1087 

BH1187 

BH1287 

BH1387 

BHl487 

0 

BH1587 

BH1787 
.I 

r' 

BH5787 

BH10870010 
BH 10871 020 
BH108720CT 
BH108723BR 

BH11870010 
BH118711CT 
BH178714UT 

BH128702CT 
BH128705BR 

BH13870010 
BH138711CT 
BH138714BR 

BH148703U1 
BH148706CT 
BH148709BR 
BH148708U2 

BH15870510 
BH15870005 
BH158726BR 

BH168702CT 
BH16870206 
BH168706BR 

BH17870005 
BH178705CT 
BH178708BR 

BH578704DH 
B H 5 787080 H 
BH57871OUC 
BH578712CT 
BH578714BR 
BH578716DH 
B H578718D H 
BH578720DH 
BH578722DH 
BH578724OH 
BH578726D H 
BH578728D H 

SAMPLE 
DEPTH 
( f t )  

0.00 - 10.00 
10.00 - 18.95 
18.95 - 20.00 
23.00 - 25.40 

0.00 - 10.00 
8.70 - 10.70 
13.90 - 17.00 

0.00 - 2.25 
5.25 - 6.50 

0.00 - 10.10 
10.10 - 11.56 
14.56 - 16.20 

2.00 - 2.90 
5.50 - 6.50 
6.50 - 9.00 
7.75 * 8.00 

0.00 - 0.00 
0.00 - 5.00 
24.10 - 25.80 

0.00 - 1.80 
2.00 - 6.00 
6.00 - 6.50 

0.00 - 3.90 
3.90 - 5.25 
8.25 - 8.70 

4.00 - 5.80 
8.00 - 10.00 
10.00 - 12.00 
12.00 - 14.00 
14.00 - 16.00 
16.00 - 18.00 
18.00 - 20.00 
20.00 - 22.00 
22.00 - 24.00 
24.00 - 26.00 
26.00 - 28.00 
28.00 - 30.00 

SAMPLE SAMPLE 
MASS RESULT 
(gm) (ug/kg) 

5.0 
5.0 
5.0 
5.0 

1 .o 
1 .o 
1 .o 

5.0 
5.0 

5.0 
5.0 
5.0 

5 .O 
5.0 
5 .O 
5.0 

1 .o 
1 .D 
1 .o 

1.0 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

29 B 
46 B 
36 B 
26 B 

59 B 
35 B 
66 B 

130 B 
130 B 

27 B 
27.9 
46 B 

46.9 
27.1 
38.5 
47.6 

15 JB 

19 J 
37 B 

35 B 
46 B 
35 B 

19 JB 
19 JB 
19 JB 

10.00 J 
16.00 J 
10.00 J 

20.00 J 
21.00 JB 
36.00 B 
25.00 JB 
25.00 JB 
26.00 B 
6.00 JB 
6.00 JB 
25.00 U 

BLANK 
RESULT 
(ug/o 

5 J  
5 J  
S J  
5 J  

5 J  
5 J  
5 J  

5 J  
5 J  

2 J  
5 u  
2 5  

5 u  
5 u  
5 u  
5 u  

1 J  
1 J  
1 J  

5 J  
5 J  
5 J  

1 J  
1 J  
1 J  

5.00 U 
5.00 U 
5.00 U 
5.00 U 
4.00 J 
4.00 J 

4.00 J 
4.00 J 

4.00 J 

4.00 J 

4.00 J 
4.00 J 

PUALI FIED 

(ug/ kg ) 

RESULT 

29 U 
46 U 

36 U 
26 U 

59 u 
35 u 
66 U 

130 
130 

27 
27.9 
46 

46.9 
27.1 
38.5 
47.6 

25 U 
25 U 
37 u 

35 u 
46 U 
35 u 

25 U 
25 U 
25 U 

10.00 J 

16.00 J 

10.00 J 
20.00 J 

25 U 
36.00 U 
25.00 U 
25.00 U 
26.00 U 

25 U 
25 U 

25.00 U 



TABLE 2 (CONTINUED) 
QUALIFIED SOIL RESULTS 

FOR METHYLENE CHLORIDE IN LABORATORY BLANKS 

CRQL = 5 LAB BLANK FACTOR = 10 

SAMPLE SAMPLE SAMPLE BLANK QUALI'FIEO 
BOREHOLE SAMPLE DEPTH MASS RESULT RESULT RESULT 

NUMBER NUMBER ( f t )  (gm) (ug/kg) (ug/l) (ug/kg) 

BH5887 BH588700UC 0.00 - 1.70 1.0 25.00 JB 4.00 J 25.00 U 
BH588702CT 2.00 - 3.90 1.0 22.00 JB 4.00 J 25 U 
BH588704BR 4.00 - 7.10 1.0 19.00 JB 4.00 J 25 U 

BH5987 BH598704UC 2.00 - 3.50 1.0 7.00 J 5.00 u 7.00 J 
BH598707CT 4.00 - 7.00 1.0 10.00 J 5.00 u 10.00 J 
BH598709BR 7.00 - 9.80 1.0 6.00 J 5.00 u 6.00 J 

25.00 U 
BH618709CT 9.00 - 11.50 1.0 13.00 J 5.00 u 13.00 J 
BH618712BR 11.50 - 14.00 1.0 19.00 J 5.00 u 19.00 J 

BH6187 BH618707DH 6.50 - 9.00 1.0 25.00 U 5.00 u 

BH6287 BH62870008 0.00 - 8.00 1.0 13.00 JB 1.00 J 25 U 
BH6287008D 0.00 - 8.00 1.0 12.00 JB 1.00 J 25 U 
BH628712CT 12.50 - 14.00 1.0 23.00 JB 1.00 J 25 U 
BH628714BR 14.00 - 16.00 1.0 23.00 JB 1.00 J 25 U 

0 BH6387 BH63870008 0.00 - 8.00 1.0 15.00 J 5.00 u 15.00 J 
BH6387120H 12.00 - 13.70 1.0 30.00 5.00 u 30.00 
BH638718UC 18.00 - 18.40 1.0 16.00 J 5.00 u 16.00 J 
BH638722CT 22.00 - 22.50 1.0 13.00 J 5.00 u 13.00 J 
BH638724BR 24.50 - 26.00 1.0 18.00 J 5.00 u 18.00 J 

SUMMARY OF QUALIFIED SAMPLE RESULTS 

TYPE COUNT 

-3 UNDETECTED (U) 49 
r' PRESENT BELOU DETECTION ( J )  13 

UNQUALIFIED 28 



TABLE 3 

Comoound 

MAXIMUM POTENTIAL CARCINOGENIC RISKS 
AND HAZARD INDICES FOR 

ORGANICS IN SOILS* 

Concentration** Carcinogenic Hazard 
mn/ka Risk Index 

Bis(2-ethylhexy1)ohthalate 7.2 1 1.62 x 10-7 .o 1 - ,_ 

PAHs (Total) 
PCBs 
Acetone 
2-Butanone 
Carbon Tetrachloride 
1,2-Dichloroethane 
1,l-Dichloroethene 
t-l,2-Dichloroethene 
Methylene Chloride 
Tetrachloroethene 
Toluene 
1,1,2-Trichloroethane 
Trichloroethene 

- 0  * 
Based on ingestion 

1.94 
0.070 
0.650 
0.390 
0.008 
0.0 10 
0.008 
0.0 18 
0.059 
0.190 
0.025 
0.027 
0.150 

5.91 
9.72 x 
NC 
NC 
9.80 x lo-'' 
8.57 x lo-'' 

NC 
4.37 10-9 

7.21 
9.13 
NC 

1.55 x lo-' 
1.45 

.06 

.o 1 
<.o 1 
<.o 1 
<.o 1 
<.o 1 
<.o I 
<.o 1 
<.o 1 
<.o 1 
<.o 1 
<.o 1 
<.o 1 

of vegetables, dermal absorption, inhalation, and soil ingestion. 
** 

Ma xi mum Concentration 0 bse r ved 

NC - Non-carcinogenic compound 
PAH - Polynuclear Aromatic Hydrocarbons 

f 
r' 



?sky Rats Plant LOG OF BORING NO. 53-86 
project: 

Date Drilled ,0/22/86 Coordinates 2.i 350i8.3 E 13023.6 
Boring Method Driver Ground Surface Elevation 6142.29 I 

Ilev. 
feet - 

-_ 

Project NO. 

1 %Po6222 Hydro-Search, Inc. Page 4 of 5 

74.0-78.5~-Cuttlngs. 
CLAY: moderate brown (5YR 
4 / 4 ) :  sandy: silty: 
subplastic: damp. 

t 

R e m a r k s  bogged by: T. Ollliver 

enetration 
emstance 
)bws/Foot) 

20 40 

1111 



0 

0 

i' 

0 

Rocky Flats Plant  ILOG OF BORING NO. 51-86 
Project: 

I 

Date Drilled 10/22/86 Coordlnates X 356i6.3 E 13023.6 
Boring Method Casing Driver Ground Surface Elevation 6142.29' 

Material Descriotlon 

81.0-94.0'-CUtting8. 
SILTSTONE: light olive 
brown (5YR 5/6) i minor 
clayatone; daap. 

TOTAL DEPTH: 94.0' 

Remarks Logged by: T. Gulliver 

'en tration 
I e s'la t an c e 
Bbwa/Foot) 

2 0  40 

Checked by: 

Project No. 
106m222 Hydro-Search, Inc. Page 5 of 5 /.' 



c 
0 
w 
3 
0 
a n 

!0/73/ 1200 1 10/23 
10/231 1505 1 10/23 ---- 

L 
C - 
a 
u 
L 
0 

z 
f 
a 

1430 
1510 

WELL CONSTF 

10/27 

10/23 
10/77 

.go 

1230 11/7 1420 

I440 10/23 1445 

---- 
---- 

1050 10/23 11% 

LOCATION or COOROS: 
!J 35618.3 E 13023.5 

DRILLING SUMMARY: 

D R I L L E R  .-rothers B WQ 
ryJ 15865 W. 5th Avenue. am. 

(ArrcxJ Drilling. Tan Hi&) 
Casine advancer 
DaJn hole h-r 

RIG 

DRILLING F L U I D  ? h e  

SURFACE CASING 2Y-x 5.4' sr- 1 w  / 10- 

WELL DESIGN: 

B A S I S :  GEOLOGIC LOG 2 GEOPHYSNXL LOG __ 
CiZSING SlXING(Sk C z  CASING S - S C R E E N  - 0.00' 4.83' 

ci I 11.83'- 79.06' S I  - 

- - - --I- -- 
CASING: C I  2" 1.D. sch. tWe 316 S t a h  

c2 Less steel, threaded and flush 
iointed. 

c4 
SCREEFd: SI -a 

s2 less steel, threaded and flush 
s3 iointed, 0.010" w i r e  wrap screen, 
s4 0.25' welded bottom C ~ D .  

CENTRALIZERS x)4 stainless steel 
77~58' - 77-83' 

~ L T E R  M A ~ ~ C L  32-42 si l ica  sand 
4.00' - 80.30' 

. -  --- CEMENT Portlad Tm I 
0.00' - 3.10' - - .- - OTHER 3/8" bentonite wllets .- 
3.10' - 4.00' 

.30' - 85.00' 

HY DRO-S EARCH RENO~OENVER 

IUC T ION 
WELL 51-86 

SUMMARY 
ELEVATlON: GROUND L M L  5 u  29 ' 

TOPOF CASING ' l M - y 9 '  

CONSTRUCTION TIME LOG: 

TASK - 
DRILL1  NG: 

GEOPWrS LOGGING: 

CASING: 
2" stainless 

RLTER PLACEMENT 

CEMEMllNG:  

C N E L C P M E N T :  

OTHER: 
Bentonite 

START I FINISH 

10/77 0830 10/22 1700 I l l  

I I I 

WELL DEVELOPMENT 

See Well Develourent Surmary Sheet . 

- 

~ ~ 

COMMENTS 

Cave f r an  'ID to 85' 

~- 

CON S U LTI N G HY OROLOG I STS - G EO LO G 1 STS 



7.0-16.01-Cutting8. 
GRAVEL: modarata brown 
(5YR 4 /4 ) ;  208 8ilt; 
poorly 8ort.d; angular; 
dry t o  damp. 

P8rched vatar tabla a t  
12.0 ' .  



e 

0 

1 

0 

Project: Rodcy Flats Plant L O G  OF BORING NO. 52-86 

M a t er la1 0'. 8 c rlo t Ion 

i 
lemarksc 

'roject No. 

Logged by: T. Gulliver  and T. Murphy 

lam222 Hydro-Sesrch, Inc. P a g e 2 o f 8  



Projrct: kxky Flats Plmc ILOG OF BORING NO. 

57.0-59.0'-cuttings. 
-VEL: moderate yellov- 
ish brown ( 1 O y R  5/4) ; 
randy; 25% fine.; aub- 
angular;  dasp. 

59.0-69.0c-Cuttlngs. 
GRAVEL: moderata brawn 

quartzite and aandstone 
boulders;  poorly rorted; 
aubangular: d a m .  

(5YR 4/41 i abundant 

emarks -by: T. Gulliver and T. Murphy 

roject No. 

106H36222 Hydro-Sesrch, Inc. P W 3 o f 8  



LOG OF BORING NO. 52-86 
pro joct: Rodcy Flats Plant 

0110 Drilled ~ ~ $ ~ 8 f ~ ~  and 11/17/86 to  Coordlnrtor. N 35649.9 E 13019.6 

'Orfng Method Casing Driver/XC Core Ground Surfrco Elovitlon 6142.22' 
I I I 

Othor 
Tort8 

emarks bg: T. Gulliver and T. Murphy 

-- 

'reject No. 

Hydro-Sesrch, Inc. Pagp4of8 
~C6RX22 

I 



Project: kcky Flats Plant lLoG OF BORING NO. 52-86 

ternarks 

88.0-93.01-Sample. 
Recovered 4.0/5.01-801. 
RQD=2.0/4.0 '=50t .  
SILTSTONE: yelloviah gra: 
( 5 Y  7/21 stained in bands 
dark yellowish orange 
(10YR 6/61: sandy; trace 
clay: beds 1-3" thick of 
silty sandstone; apparent 
dip of 10-1So; iron 
nodules preamntt soft; 
d m p  

93.0-98.01-Samplr. 
Recovered 1.7/5.0 '-342. 
R Q b  1.7/1.71=100%. 
CLAYSTONE: light olive 
gray (5Y 5/21 i stained 
along Fractures moderate 
yellow (5Y 7/6) i trace 
silt; bedding dipping 15- 
20' ;  some bedding plane 
fractures with iron 
mtainm; also present 
subvartical itactwas: 
some atained; soft: damp. 

by; T. Gulliver and 4.  ->!urphy 

Other 

20 4 0  I 
1 1 1 1 1 1  

Droject No. 

lOSH36222 Hydro-Sesrch, Inc. P w  5of 8 



d' 

e 
3 emark s 

98.0-101.5'-51uple. 
Recovered 2.7/3.5'=771. 

CLAYSTONE: light olive 
gray ( 5 Y  5/2) grading to 
grayish red (5R 4/2) to 
yellowish gray (5Y 4/2): 
highly Fractured and 
stained; iron stained 
fractures are subveeical 
60': lover portion of  core 
becoring nore silty. 

RQD-O.6/2.7'=22?. 

C 

101.5-106.5'-S~pl.. 
Recovered 0.4/5.0'-a? 
RQD-0/0 .4 I=OI. 
SANDSTONE: light gray (N 
7 / 0 ) :  medium to very fine- 
grained; 10-201 mafica; 
mostly quartz: silica 
cement: hard: damp to wet. 

106.5-108-5'-S~ple. 
Recovered O.O/t.O'=O?. 

108.5-111.5'-Sample. 
Recovered 0.8/3.0'-271. 
RQD=O.O/O.8'=01. 
SANDSTONE: same as 101.5- 
106.5 w i t h  dark yellowisK 
orange stained ailtstone 
(10YR 6/6) Interbedded 

w i t h  sandstone: medium to 
flne-grained: very s i l t y :  
cross-bedded: hard; damp. 

111.5-114.5'-5~ple. 
Recovered 1.0/3.0'-33*. 
RQD=0.0/3.0'=01. 
SANDSTONE: 6-0 as above: 
light gray stained in 
band: dark yellowish 
orange (at high angles 60- 
7 0 ' ) :  very silty and 
clayey: bedding appears to 
be similiar to staining; 
soft: damp to wet. 

by: T. Gulliver and T. Murphv 

- 
'an tratlor R a a?tr t ancr 
(BbwWfoot 

2 0  4 0  l-rn- 

M by: 

Hydro-Sewch, Inc. P w 6 o f 8  
Project No. 

106Eo6222 ... 



Project: ?sky Flats P l a t  )LOG OF BORING NO. 52-86 

114.5-l18.O1-Sampla. 
Rocovarod 3.0/3.5'-86%. 
RQD.. O/3.Ot-0*. 
SANDSTONE: yellowish gray 
( 5 Y  7 / 2 )  i medium to vary 
flne-grained; Interboddad 
with silty sandetona and 
clayey siltston8; dark 
yellowish orange a t a h  
( 1 O Y R  6 / 6 )  throughout; 
appears in band8 at 60-70' 
from horizontal; 8oft; 
damp. 

118.0-173.0'-Samplo. 
Recovarod 3.0/5.01=608. 
RQD.12.7/3.0'=902. 
SANDSTONE: yellowish gray 
( 5 Y  7/2); bounded with 
dark yellowish orange 
(1OYR 6/61: fine to very 
fIne-grain8d; grade8 into 
silty sandstona, sandy 
siltstone and clayey 
siltstone; beds are 0.3- 
0.8 ft. thick;  bodding ia 
dipping 35O-40' from 

Remarlcd bg& by: T .  Gulliver and T. Nurphy 

Project No. 
lam222 Hydro-Sewch, Inc. 



Rocky Flats Planc ILOG OF BORING NO. 52-86 Project: 

133.0-136.0'-5~1.. 
ReCW8t.d 2.8/3.0'-93%. 

SILTSTONE: similiar to 
above with alternating 
layers of  sandy siltstone 
and clayey siltstone: dark 
gray (N 3/0) with 
occasional dark yellowish 
orange (1OYR 6/6) layet8: 
wood Fragmentsr highly 
fractured: bedding appear8 
to be at very high angle6 
(40-60°); fimt darp. 

RQD.I0.6/2.8'-21%. 

136.0-141.0'-S~pl~. 
Recoverad 1.6/5.0'-32%. 
RQD.I0.6/1.6 '-38%. 
SILTSTONE: same a8 above: 
calcareou8 cment; dark 
gray (N 3/0) layer of 
laminated miltstone and 
fine-grained sand8tone: 
light gray (N 5/0) to dark 
gray (N 3/0); hard: damp. 

141.0-145.0'-9~1~. 
Recoverad 4.2/4.0'=105%. 
RQD=2.0/4.2'=97%. 
SILTSTONE: mama am above. 

145.0-149.0i-Smple. 
Recovered 2.3/4.0'=572. 

SILTSTONE: dark gray (N 
3/0); clayey: some 
sandstone beds (.2 to . 4# -  

silty, very fine to fine- 
grained: color change to 
medium light gray (N 510): 
50-60° dip; firm; damp. 

149.0-154.0'-Sample. 
Recovered 3.5/5.0'=702. 
RQD=2.0/3.5=572. 
SILTSTONE: same as above. 

RQb2.0/2.3'=872, 

-thick) ; sandstones and 

TOTAL DEPTH: 153.50' 

?emarks bg& by: T. Gulliver and T. Murphy ~- Qledred by: 

Project No. 

106FU6222 Hydro-Sesrch, lnc. Pw 80f 8 
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WELL CONSTRUCTION SUMMARY 

D R I L L "  SUMMARY: 

TOTAL DEPTH Y11: 125.65Ilolc: 1 5 5 . 8 0 '  
BOREHOLE DIAMETER 9.00 * -76.00': 3 5/E 

DRILLER *Ic- b- 
76.00  - 1 5 3 . 2 0 '  : 4 3/4" . .  

15865 U. 5th hue., C;Olb. Q) 

( R o b e r t  R o a c h )  - 

0 .00 ' -76 .00 ' :  C a s i n g  a d v a n c e r t  

. .  ncrtrryrutu u-- 
87.00 - 125.80' 

- 1 - e  2 . 5 5 1  
V e l 1  b u i l t  t h r o u g h  Ir" c a q  
11/22-L:sed b e n t o n i t e  mud d r i l l i n c :  

1!/25-1:asned hole x i t h  2400 g a l l o n ;  

1 1 / 2 6 - ? u l l e d  4" c a s i n o  L l o s t  18 (2' 
ft o f  c a s i n g  i n  h o l e .  Zroke  o f f  
f r o m  129.0 - 1 4 7 . 0  

E l u i d  . 
o f  water 

. .  

HYDRO-SEARCH RCWOUWZR CONSULTING ~ROLOG1STS-GEOLOGiSTS 
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LOG OF BORING NO. 53-86 project: 
kcky Flats Plant 

Date Drilled 10/29/86 
Boring Method k i n g  Driver 

Coordinates N 3 2 9 9 6 . 6  E 1 5 2 6 L . 5  
Ground Surface Elevation 6053''. 2 - 

Ilev. 
feet - Material Description 

VALLEY FILL ALLUVIUM 

0-2.6 ' -Cut t i n g s . 
grayish brown (5YR 5/21; 
sandy: abundant quartzite 
cobbles 15%: humic: silty: 
subpl ast i c: damp. 

CLAY : 

2.0-3.0 ' -Cuttings. CLAY: 
light olive gray (5Y 5/21 : 
( 1 %  sand: some carbona- 
ceous detritus; roots ;  
damp. 

3.0-7.0 ' -Cuttings. CLAY: 
1 i ght ol i ve grayish brown 
(5Y 514): 1-2% sand; 
silty: unsorted: angular: 
,damp. 
I 

LARAHIE FORMATION 
7.0-9.0'-Cuttings. 
SILTSTONE: light gray (N 
6 ) ;  subplastic; well 
sorted: damp. 

9.0-9.5'-Cuttings. 
CLAYSTONE: light olive 
brown (SY 5 1 6 ) ;  sub- 
plastic: damp. 

ene tr a t ion 
esistance 
3bws/Foot) 

20 40 

Hydro-Search, Inc. 

TOTAL DEPTH: 9.5' 



53-86 WELL 

10/2$ 1030 
10/29 1055 
- - 
- - 

10/2 S 1043 
10/25 1010 --- 

C E  M EPlTl NG: 

OTHER: 

WELL CONSTRUCTION SUMMARY 

---- 
10/29 IQ40 - - 
10/29 1057 

- - 
10/29 1044 
10/29 1015 

LOCATION or COORDS: 
N 32996.6 E 15261.5 

DRILLING SUMMARY: 

TOTAL DEPTH Well: 7.80' Hole : 9.50' 
BOREHOLE DIAMETER 5 5/8" 

DRILLER Bovles Brothers Drilling Co. 
15865 W. 5th Avenue. Golden. CQ 
~Arrcw Drilline. Tan Hi&) 

RIG Casing advancer 
BIT(S) D3wn hole hamner 

DRILLING FLUID None 

SURFACE CASING 5" x 4' steel w/ locking caD 

W E L L  D E S I G N :  

BAS I S :  GEOLOGIC LOG 

=SING STRING(S): C-CASING S-SCREEN 

GEOPilYSICAL LOG - 
0.00' 2.50' C1 - 
2.50'- 7.80' SI - 
- -- - -- 
- -- - -- - - - -- - -- - - - -- - -- - - - -- - -- - - - -- - -- - - - -- - -- - - - -- - -- 
CASING: C I  2" I.D. Sch. 5 type 316 stain- 

less steel, threaded a d  flush 
jointed . 

SCREEN: SI a 
steel. r u  

jointed. 0.010" wirewran ~ c r e e ~  

CENTRALIZERS TMe 304 stainless steel 
5.30' - 6.65' 

FILTER MATERICL 32-42 s i l ica  Sand 
2.00' - 8.00' 

CEMENT %'!X I 

OTHER ,/a'' bentonite E l l e t s  
0.00' - 1.70' 

1-70' - 2.00' 
8.00' - 9.50' 

ELEVATION: GROUND LEVEL 6053 * 2o ' 
TOPOF CASING 6054'63' 

I-I-1-1- 

I-I-1-1- 
1-1-1-1- 
I 1 I I 

W E L L  DEVELOPMENT 

CONSULTING HYDROLOGISTS-GEOLOGISTS 
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RDcky Flats Plant ILOG OF BORING NO. 54-86 
Project: 

Date Drilled 9/22/86, 10/9/86 Coordinates N 3 2 2 9 2 . 9  E 1 5 2 1 6 . 1 .  
Boring Method Casing Driver/NC Core Ground Surface Elevation 6 103.39 

Material Description 

ROCKY FLATS 

0-5.0*-Cuttings. 
BOULDERS: moderate brown 
(5YR 4 / 4 )  : 70% quartzite 
boulders: -30% sandy silt: 
iron staining: poorly 
sorted: unconsolidated: 
dry. 

5.0-8.0*-Cuttings. 
GRAVELS: moderate brown 
(5YR 4/4)  : granite and 
quartzite pebbles and 
cobbles: 20-30% quartzite 
boulders: same silty sand: 
iron staining; poorly 
sorted: unconsolidated: 
w. 
8.0-15.O1-cuttings. 
BOULDERS: granite and 
quartzite. 

15.0-32 
GRAVEL: 
(5YR 4/ 

.O*-cuttings. 

4 ) ;  granitic 
pebbles and cobbles: 
silty; 5% granitic 
boulders: poorly sorted: 
unconsolidated: damp. 

moderate brown 

en tration 
I e 8 s  tan c e 
3kws/ IncW 

20 40 rn 



0 

0 

i 

0 

Date Drilled 9/22/86, 10/9/86 Coordlnates N 3 2 2 9 2 .9 E 1 5 2 1 6 . 1  
Ground Surf ace Elevation 6 10 3.39 

32.0-34.O'-cuttings. 
GRAVEL: moderate brown 
(5YR 4/4) : 30-40% granite 
and quartzite cobbles and 
boulders: some silty sand: 
poorly sorted: 

Remark8 Tagged by: T. Ollliver & L. Pin& 

- 
en tration 
I e 8 s  t anc e 
BbwdlncfJ 

20 40 rrrr 

v 
-= 
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bcky Flats Plant Project: ILOG OF BORING NO. 54-86 

I 

49.5-50.0'-Cuttings. 
CLAYSTONE: brownish gray 
(5YR 4/1) : weak lamina- 
tion; damp. 

50.6-55.6'-Sample. 
Recovered 5.0/5.0'=100%. 
CLAYSTONE: medium gray (N 
5) and light olive gray 
(5Y 6/1) : greasy; some FeC 
partings/stringers; trace 
of carbonaceous partings; 
moist. 

55.6-60.6*-Sample. 
Recovered 5.0/5.0'=100%. 
CLAYSTONE: light olive 
gray (5Y 6/1) ; greasy: 
abundant FeO mottling; 
heavy concretions of FeO 
from 57.2-57.6': moist. 

Remark8 Logged by: T. Gulliver & L. Pivonka 

'en tration 
t@*?stence 
B b w d  Inch) 

20 40 
lTll 
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LOG OF BORING NO. ~1-86 

Qround Surface Elevatlon 6 103.39 

Project: 

Date Drilled 9/22/86, 10/9/86 Coordlnater N 3 2 2 9 2 . 9  E 1 5 2 1 6 . 1  

Focky Flats Plant 

- 

MatorlaT Dercription 

~ 

60.6-65.6'-Sample. 
Recovered 5.0/5.0'=1008. 
CLAYSTONE: light olive 
gray (5Y 6/1): greasy: 
abundant FeO mottling and 
concretions: mottling and 
concretion content 
increases vith depth: 
moist to wet. 

65.6-70.6'-Sample. - 
Recovered 5.0/5.0'=100%. 
SANDY CLAYSTONE: light 
olive gray (5Y 6/1) to 
medium dark gray (N 4); 
some fine-grained sand; 
heavy FeO concretions from 
65.6-65.9'; sand content 
increases with depth; 
moist. 

70.6-73.6'-Sarnple. 
Recovered 3.0/3.0'=100%. 
SANDSTONE: dark gray (N 
4) to dark yellowish 
orange (1OYR 6/6); clay- 
rich; very fine-grained; 
cl.O'of interval is free 
of clay: well sorted; 
moist to wet. 

73.6-75.6'-Sample. 
Recovered 2.0/2.oi=1O0%. 
CLAYSTONE: medium dark 
gray (N 4) : greasy 
claystone with trace of 
FeO stringers; moist. 

75.6-80.6'-Sample. 
Recovered 5.0/5.0'=1008. 
SANDSTONE: medium gray (N 
5); fine-grained; some 
clay: clay content 
decreases with depth: 
trace CaC03; well sorted; 
wet. 

Romark8 Logged by: T. Chlliver & L. PiMnka 



0 

I 

0 

Pro'ect: %cky Flats Plant LOG OF BORING NO. 54-86 

Date Drilled 9122186, io19186 Coordlnrter N 3 2 2 9 2 . 9  E 1 5 2 1 6 . 1  
Qround Surfaco Eievation 6 103.39 

80.6-84.7'-Sampie. 
Recovered 3.9/4.1'=95%. 
SANDSTONE: medium dark 
gray (N 4) i fine-grained; 
some clay-rich sandstone 
and pure clay interlayers; 
interlayers are grada- 
tional and account 
for 20% of the interval; 

84.7-89.6'-Sample. 
Recovered 3.4/4.9'=69%. 
SANDY CLAYSTONE: m a d i u m  
dark gray (N 4): 20-301 
fine-grained sand: sand 
content varies 
gradationally through this 
interval; moist to wet. 

TOTAL DEPTH: 89.6'. 



Project: ~ o d c y  Flats Plant LOG OF BORING NO. 56-86 

bate Drillod 9/26/86 CoordlnatOS N 3 4 0 7 1 . 9  E 1 7 1 0 4 . 2  
Boring Mothod Casing Driver Ground 8uffacO Elovation 5 9 7 7. 16  

I I I 

Mat orial Dorcript Ion 
Dopth 

R o c x Y l u T s ~  

O-7.O1-cuttings. 
BOULDERS: granita and 
quartzita; <la sand; dry. 

7.0-9.Og-Cutt~. SILT: 
modorate b n n n  (SPR 3/4) ; 
clayoy: aandy; poorly 
a o r t d ;  unconaolidatecl; 
non-plaatic; mist. 

?.mark8 Lo& by: T. Oilliver , 

Projoct No. 
106w6222 I Hydro-Search, Inc. Page 1 of 1 
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9/30 

9/36 
9/26 

t 0 
W 
3 
0 
K 
P 

S L Z h m 9 1 2 h K  
9/2615359/251540 

1330 1012 1130 

1445 9/26 Is00 
1530 9/26  1535 

'20 

-25 

.30 

'35 

-40 

-45 

LOCATION or 

WELL 56-86 
WELL CONSTRUCTION SUMMARY 

CWROS: ELEVATION: GROUND L M L  5977 l6 ' 
N 34071.9 E 171nh-7 

DRILLING SUMMARY: 

TOTAL DEPTH Well: 9-60' Hole: 17.00' 
BOREHOLE DIAMETER 5/8" 

DRILLER Bovles Brothers Drillk Co. 
15865 W. 5th ~IU.  Golden. CC 

A n u w  Drilling, h Hi&) 
RIG F U  1 5 0  
elT(s1 r 

DRILLING R U l O  ,-, 

WELL DESIGN: 

BASIS: GEOLOGIC LOG 2 GEOPHYSIW LOG - 
W3MG STRING&): C=CASING S=SCREEN 
0.00' 2.60' CI - 
2.60L 9.60' SI - - -- - -- 
- -- - -- - - 

I 
CASING: C l  2" 1.D. scfi. 5 tVD2 3 16 s t e  

less steel, threaded and flush 
iointed. 

SCREP(: SI 2'' I . D .  Sch. 5 twe 316 s t h  
less steel. threaded and fl& 
iointed. 0.010" wirewrao s q  
0.25' welded bottan CaD. 

CEKIRALIZERS 304 stainless steel 
6.33' - 7.55' 

. .  
FILTER MATERIAL 32-47 

CEMENT portlandm I 

OTHER 3/8" bentonite pellets 

2.45' - 10.00' 
0.00' - 2.30' 

2.30' - 2.45' 
10.00' - 17.00' 

I 

CONSRUCnON TIME LOG: 

TASK - 
DRILLING: 

s 5 w  
advancer 

GEOPHIS WGQNO: 

CASING: 
2" stainless 

FOTER PtLLCnrpn 

C E H E ~ ~ N G :  

LEVELCPMNT: 
OTHER: 

START I fINISH 

9/26 C%15 9/26 0920 ---- I l l  
---- 
- I - I - - I T  

9/26 Ixx) 1 9 / 2 6  I 1505 

WELL DEVELOPMENT 

See Well Dweloanent Sunnary Sheet. 

-- 

COMMENTS: 

Water encountered at 7.0' d u r h  drillhe. 

built. 

J HYDRO-SEARCH RENWDENVER CONSULTING HYDROLOGISTS-GEOLOGISTS 



56-86 WELL or OATE 

WATER LEVEL DATA 
MEASURING POINT TOD of casing: Stick UP: 1.99 '  WELL LOCATION 

N 3 4 0 7 1 . 9  E 1 7 1 0 4 . 2  Total deDth of wll belm e.s . :  9.60' 

r' 

c 
c 
c 

i : 

0 

Z 

i- 

V 
0 
-I 

2 
a 

0 

i- 
V 
LJ 
'3 
0 
LT 
a 

ELEVATION: MEASURING POINT 5979*15' GROUND LEVEL 5 9 7 7  - 16  

CON SU LTlN G HY DROLOGi STS - GEOLOGi STS 



Pro ject: bcky Flats Plant LOG OF BORING NO. 70-86 

Boring Method &dlm Stem h g e r  Qround Surface Elevation 5 9 2 9 .7 9 
Date Drllkd 9 I25 I86 Coordlnatea N 3 4 5 1 5 . 4  E 1 8 8 8 9 . 1  

Pepth , f e e t ) H  Material Dercription 

- 
0 

- 2  

- 4  

-6 

O-2.01-Sample. Recovered 
1.7/2.0'=85%. GRAVEL: 
grayish brown (5YR 3/2) ; 
granite and quartzite 
pebbles and cobbles: 
clayey: roots and grasses: 
poorly sorted: 
unconsolidated: dry. 

Recovered 0.8/0.9'=892. 
CLAY: moderate brown (5YR 
4/4): some granite and 
quartzite pebbles: sandy; 
poorly sorted: 

2.9-4.O1-Sampie. 

Drilled with center bit in 
Recovered 0. O/l.ll=O%. 

0.5'=1002. 

and quartzite pebbles with 
coarse-grained sand in a 
clay matrix: poorly 
sorted: unconsolidated; 

4.5-5.01-Sample. 
Recovered 0.0/0.5'=0%. 
Drilled with center bit in 

5.0-7.01-Sample. 
Recovered 1.0/2.0'=50%. 
GRAVEL: Same as above: 

ARAPAHOE FORMATION 

7.0-9.O1-Samp1e. 
Recovered 1.9/2.0'==95%. 
CLAYSTONE: light (N 7) to 
medium olive gray (5Y 
5/21 : dark yellowish 
orange ( 1 0 ~ ~  6/6) iron 
stained patches: fair to 
poorly consolidated; damp. 

Remark8 Lowed by: C. Walker 

en t ation 
e a?al an c e 
lbwd IncN 

20 40 rrrr 

Other Tin- Teats +++- 



Project: Rocky Fzats Plant  ILOG OF BORING NO. 70-86 
I 

Date Drlllod 9 I25 I86 Coordlnataa N 3 4 5 1 5 . 4  E 18889.1 
Boring Method I-bllow Sten Auger around Surfaco Elevation 5 9 2 9 . 7  9 

Material De8cription 

9.0-ll.0g-Sample. 
Recovered 2.3/2.0'=115%. 
CLAYSTONE: Same as above: 

1l.0-13.Og-Sample. 
Recovered 1.9/2.Og=95%. 
CLAYSTONE: olive gray (5Y 
3/21: fair to poorly 
consolidated; damp. 

TOTAL DEPTH: 13.0'  

Rom8rk8 b& by: C. Walker 

Bbwd IncN 
20 40 

- 
Project No. 

106m222 Hydro-Search, Inc. Page 2 of 2 - 



Projoct: Rocky Flats Plant ILOG OF BORING NO. 4- 

Oat. Drllod 9/16/86, 9/17/86, 10/9/86 Coordlnrtor N 37890.6 E 15178.8 
Borlng Mothod Casing DriverM Core around Surfaco Elovatlon 6081.71 

~ p L A T s A L L a v r ( T n  

0-8.0 ' -Cutting.. -VEL: 
gray orange ( 1 O Y R  7/6) ; 
granita and quartzite 
pebbles and cobbler: SOP. 
silt and guarfz aand: 
poorly s o ~ a d ;  
uncoruolidated: dry. 

8.0-13.0i-Cuttings. 
GRAVEL: same as above: 
wet. 

13.0-17.0 I -Cuttings. 
GRAVZL: moderate brown 
(sYR 4/4):  granite, 
quartzite and muscovite 
pebbles: same sand and 
silt; trace limonitic 
clay: poorly sorted: 
angular: unconsolidated: 
damp. 

17.0-20.0~-~uttings. 
GRAVEL: moderate brown 
(5YR 4/4) : 40-602 
quartzite cobbles : sandy 
and silty: poorly sorted: 
unconsolidated: damp. 

qornarka Logged by: T. Ciilliver 

Project No. 
106po6222 Hydro-Search, Inc. Page ! o f 9  
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Pro joct: pocky Flats Plant  LOG OF BORING NO. 4686 

0.10 Drlllod 9/16/86, 9/17/86, 10/9/86 Coordln8t.8 N 37890.6 E 15178.8 
Boring Mothod Casing Driver/NC Core Qround 8urf.c. Elov8tlon 6061.71 

36.0-44.01-Cutthg8. 
GRAVEL: same as above; 
danp. 

20.0-29.0'-Cuttfngs. 
GRAVEL: moderate brown 
(5YR 4/4) granite and 
quartzite cobble8 and 
boulder., coarse to fins- 
grained 8and and silt: 
poorly 80rt.d; angular: 

daw- 
UCOn8Olidated: dry to 

29.0-36.O1-Cutt*8. 
GRAVEL: same a8 above: 
daap* 

3om8rk8 Logged by: T. Ollliver 

- - 
.I - - - 

Project No. 
106w6222 Hydro-Search, Inc. P a g e 2 o f 9  



Projoct: Rocky Flats Plant LOG OF BORING NO. 46-86 

Dato DrUIad 9/16/86, 9/17/869 10/9/86 Coordlnrtoa N 37890.6 E 15178.8 
Boring Mothod Casing Driverm Core around Surf aCo Elavatlocr 60el. 71' ' 

Elev. 
feet. - Material Dercription 

44.0-52.5'-CuttfngS. 
GRAVEL: modaratr brown 
(5yR 4/4): -40-602 
quartzita cobbles: s i l t y  
and sandy matrix: poorly 
sorted; unconsolidatad; 
d a w .  

57.0-63.O'-CUttfngS. 
GRAVEL: moderate brovn 
( ~ Y R  4/41: 30-502 granitic 
pebbles and cobbles: s i l t y  
sand matrix: poorly 

Ramrrkr Logged by: T. Gulliver 

B&ws/ IncN 
20 46 n7-r 



0 

0 

Projoct: Rcdq Flats P l a n t  ILOG OF BORING NO. 46-86 

0.10 D f h d  9/16/86, 9 /17/84 10/9/86 COOrdln.tO* N 37890.6 E 15178.8 
Boring Mothod Casing Driver/E3C Core around 8Uff.C. E i O V 8 t h  6081.71 

63.0-65.0'-Cuttings. 
GRAVEL: moderate brown 
(5YR 4/4)  : granite and 
quartzite pebbles and 
cobbles: clayey sand 
matrix; poorly sorted; 
unconsolidated: moist. 

65.0-80.O1-Cuttings. 
GRAVEL: moderate brown 
(5YR 4/4) : silty sand 
matrix: poorly sorted: 
uncon8olidated: moist. 



0 

0 

f 

Pro joct: Rocky Flats Plan t  ILOG OF BORING NO. 46-86 

0.10 DrilIod 9/16/86, 9/17/86, 10/9/86 Coordin8108 N 37890.6 E 15178.8 
Boring Mothod Casing Driverm Core around Surf aco E k v a t b  6081.71 

Matorld Doocriotlon Depth 

GRAVEL: modarata brown 
(5YR 4 1 4 ) ;  70a granite and 
quartzite pebblem and 
cobbles; aandy; poorly 

88.0-9o.o*-Cuttings. 
GRAVEL: modaratabrovn 
(5yR 4/4) : granite and 
quartzite pebbles and 
cobbles; silty; poorly 
sorted; unconsolidated: 

90.0-96.5*-CuttingS. 
CLAYSTONE: dark yellowish 
orange ( 1 O Y R  6/6) ; 

Recovered O.O/S: 0 * . 
Cuttings indicate a m e d i u m  

---_ light gray (N 6) claystone ---- - -__ _ _ _  with black (N 1) organic --- --- - - - w o o d  fragments. - -_  

Rom8rkr boeeed bv: T. Qdliver 



Date Drilled 9/16/86, 9/17/86, 10/9/86 COOrdinatO8 N 37890.6 E 15178.8 
Boring Method Ground Surface Elevation 6081.71 DriverN core 

Remarks Logged by: T. Chlliver 

102.0-105.O1-S~p1~. 
Recovered 0.4/3.0'-138. 
RQD=0.4/0.4 '-1008. 
CLAKSTONE: light olive 
gray (5Y 5/2) to olive 
gray (5Y 3/2); medium 
light gray (N 5) mottles: 
dark yellovish orange 
( 1 O Y R  6/6) limonite stain; 
vertical fractures vith 
limonite stains; fine- 
grained .and pocket in . 
center of core; some vood 
fragments; firm: damp. 

105.0-109.5'-Dapth 
correction. CULYSTONE: 
Same as above: damp. 

109.5-112.5i-Sample. 
Recovered 0.4/3.0'=138. 

CLAYSTONE: Same as above: 
iron concretions; damp. 

RQr>l.O/O 4 '-0% 

112.5-116.5i-Sample. 
Recovered 3.0/4.01-75%. 
RQD=O/3.O1=08. 
CLAYSTONE: medium gray (N 
5) to light olive gray (5Y 
5/21 claystone: firm; 
damp. 

116.5-121.5i-S~le. 
Recovered 2.7/5.01-548. 

CLAYSTONE: medium dark 
gray (N 4); light olive 
brown (5Y 5/2) to light 
olive gray (5Y 5/6) 
mottles: some silt: 
vertical fracture: firm; 
dry to damp. 

RQb2.5/2.7'=938. 

- 
Bene ttat lor 
Reaiatancs 
Bbwsffoot) 

20 40 
=rrrr 

c 
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project: 
Rocky Flats Plant (LOG OF BORING NO. 4- 

m 

Date Orilled9/16/86, 9/17/86, 10/9/86 Coordinates N 37890.6 E 15178.8 
Ground Surf ace Elevation 6C8:. 7 1  I 

Elev. 
,feet - Material D escrip tlon Depth 

121.5-126.5'-Sample. 
Recovered 2.6/5.0'=52%. 
RQtM4.3/4.8'=908. 
CLAYSTONE: medium dark 
gray (N 4); trace silt; 
unweathered; soft: sticky; 
damp to moist. 

126.5-131.5i-Samplr. 
Recovered 4.8/5.0*=96%. 
RQ-4 3/4 8 '1902 

126.5-126.9': CLAYSTONE: 
medium dark gray (N 4); 
trace silt; calcite filled 
fracture at bottom of 
cor.; firm; damp. 

126.9-127.6': SANDSTONE: 
dark greenish gray (5GY 
4/1) to dark medium gray 
(N 3); very silty; fine to 
mediu-grained; moderately 
to poorly sorted; slightly 
calcareous; firm; moist. 

131.5-136.5*-Sample. 
Recovered 1.3/5.0'=26%. 
RQD..0.5/1.3'=382. 
CLAYSTONE: same as above; 
damp. 

136.5-141.5'-Sample. 
Recovered 2.3/5.0'=462. 

CLAYSTONE: Same as above: 
trace very fine-grained 
sand beds 0.5' thick; veq 
firm; damp. 

RQD..0.4/2.3'=17*. 

en tration 
lea% t ance 
3bWs/Foot) 

20 40 rrrr 

Project No. 
106p06222 Hydro-Search, Inc. Pa@ 7 of 9 
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Project: Rocky Flats Plant ILOG OF BORING NO. 46-86 

Date Drilled 9/16/86, 9/17/86, 10/9/86 Coordinator N 37890.6 E 15178.8 
Boring Method Driverm core Ground Surface Elevation 6061.71' - 

Elev. 
feet - 

I 

Remarks l o d b v :  T. Culliver 

141.5-146.5'-S~pla. 
Recovered 3.8/5.0'=768. 
RQD-2.8/3.8*-748. 
SILTSTONE: medium light 
gray (N 6); sandy; 
interbedded with t h i n  to 
thick beds of fine to Vary 
fine-grained SANDSTONE; 
moderate sorting; silty; 
abundant convoluted 
contacts; beds dipping at 
30 to 50 degrees; firm; 
damp to moist. 

146.5-151.1'-Sample. 
Recovered 0.5/5.0'=108. 
RQC)IO/O.S'=Ol. 
SILTSTONE: Same as above 
with some claystone; 
sandstone laminations in 
fragments; d w  to moist. 

lfl.l-lS4.5'-Saaapl~. 
Recovered 3.0/3.0'=1001. 
RQ0-0/3.O8=0l. 
SIISTONE: Same as above 
with very fine-gtained, 
m e d i u m  gray (N 5 )  sand; 
damp to moist. 

154.5-156.5'-S~ple. 
Recovered 0.7/2.0'=352. 
RQltO/ 0.7 = O l  . 
SILTSTONE: Same as above; 
m e d i u m  gray (N 5) with 
medium dark gray (N 4) 
laminations of claystone; 
firm; damp. 

'en tration 
I e 8% t anc e 
Bbwsf Foot) 

20 40 
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i 

Project: ~ o d c y  FLaB plant LOG OF BORING NO.4- 
Date Drilled 9/16/86, 9/17/86, 10/9/86 Coordinate8 N 37890.6 E 15178.8 
Boring Method Casing Driver/NC Core Qround Surface Elevation 6681.71' 

Material Deacrlotion 

156.5-161.5'-Swle. 
Recovered 5.0/5.0'=100%. 
RQD=4.0/5.0'=80%. 
SILTSTONE: Same a8 above 
vith intarbedded silty 
8andStOne at 157.5' to 
158.5' and 160.5' to 

medium gray (N 4 ) :  silty; 
vary fine to fine-graind; 
laminated; cros8-bedded; 
horizontal bedding 
apparent ; firm; tight: 

161.5'; Sand8tOne is 

E0i.t. 

161.5-166.5'-84391*. 

RQD.O.5/2.3'=22%. 
Recovered 2.3/5.0'=46%. 

SILTSTONE: Same as above: 
clayey: interbedded vith 
claystone; thin ( 0 . 3 0  
calcite cemented sandy 
cement; moist. 

TOTAL DEPTH: 166.5' 

'en tration 

BkwafFoot) 
20 40 

?e 8% i a nc e 

l-rrf- 

rlrr 

Project No. 
106HI6222 I Hydro-Search, Inc. I P a g e 9 o f 9  
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CEMENT b X l a d  I 
0.00' - 138.90' 

137.50' - 138.90' 
163.00' - 165.00' 

OTHER 3/8" bentonite wllets 

I' 
!oo I 1 HYDRO-SEARCH RENO*OENVER 

WELL 4&86 

TJON SUMMARY 
VATlON: GROUNO L M L  

TOP OF CASING 

6081 71 ' 
6083 89 ' 

TASK - 
W m E W T r r u E  

DRILLING: 1986 1986 
~ q L L h A ? 4 L 9 / 1 6 B . L  

Nc 10/9 1100 10/15 1645 core 
10/3Q 1030 10/20 1511 
10/20 1310 10/20 1511 GEOM Locam - - - - 

3'' Sf MI 9/1608409/1616b3 
2'' stainless 10/21 1600 10/21 la15 

10/21 1645 10/21 1120 
1228 10/23 Io00 

CASING: 

---- 
m i ~ € ~  p a w  

CEMENTING: 

OTHER: 

10/22 
tEvELCPnOn: Icllyl .m 11/13 1100 

1 tP IO/?? 1602 10/22 1605 
m/77 I140 10/22 1150 
10/16 0829 10/19 10% 
- 

* 
Packer tes 

See e l l  Develomnt Sunnary Sheet. 

~_______ 

COMMENTS: 

Water encountered at 60' during drill&. 

TOO of stainless steel casing:?. 17 I 

cavefrw 'ID to 165.00' 

~~ 1 -  

CONS ULTl NG HY DROLOGI STS -GEOLOGISTS 



project: Rocky Flats Plant 1L0G OF BORING NO. 47-86 

Date Drilled 10124 186, 10127 186 Coordinate8 N m . 9  E 15184.1 
Boring Method C a s h  Driver Ground Surfaco Elevation 6cB1.92' - 

Elev. 
,feet - 

ROCKY FLATS ALUDVIUX 

o-7.0t-~ttings. GRAVEL: 
quartzite cobble gravel1 
f i n u  <51, dxy. 

7.0-8.01-Cuttings. 
GRAVEL: moderate yellov- 
ish brown ( i o n  5/4)  i 
moderate sorting; sub- 
rounded; dry.  

8.0-lO.O'-Cutthg8. 
GRAVEL: moderat. YellOV- 
ish brown (lOYR 5/4)  i 
poorly sorted; subrounded; 
dry. 

10.0-18.0t-cuttblg8. 
GRAVEL: moderate yellov- 
i s h  b r o w  (10YR 5 / 4 ) ;  5% 
silt; 5-201 sad: poorly 
sorted; subrounded; 
thin sand and milt unit8 
0.1-0.2' thick; dry. 

18.O-42.0*-Cuttings, 
GRAVEL: moderate yellov- 
ish brown ( 1 O Y R  5/4) t 
quartzite cobblas and 
boulder.; granitic 
material common; fines 
<la; dry. 

Remarks Logeed by: T. Cillliver 

en tratlan 
I e ti?* t a nc e 
BbwWFoot) 

20 40  rn 

-= . 
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0 

i 

0 

Focky Flats Plant LOG OF BORING NO. 47-86 
project: 

Date Drilled 10/24/86, 10/27/86 Coordlnatee N 37860.9 E 15184.1 
Boring Method Casing Driver Ground Surface Elevation iSGS1.92' - 

ilev. 
feet - 

Remarks zO& by: T. Gulliver 

en tration 
I e 8% t a nce 
Bbw8fFoot) 

m 20 40 



Project: Fodcy Flats Plant [LOG OF BORING NO. 47-86 

Date Drilled 10/241a6, 10127/w, Coordinate8 N 37860.9 E 15184.1 
Boring Method Casing Driver Qround Surface Elevation 6081.92' 

Depth (feet) # Typ Material Description 

Remarks bogged by: T. Gulliver 

en tration 
I e s?s t anc e 
3bw8lFoot) 

20 40 m 

c . 
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e 

4' 

0 

LOG OF BORING NO. 47-86 
Project: Rocky Flats Plant 

Date Drilled lOf24186, 10/27/86 Coordinate8 N 37860.9 E 15184.1 
Boring Method Casing Driver Ground Surface Elevation 6081.92' - 

Elev 
,feel - 

59.0-68.O'-Cuttingm. 
GRAVZL: moderato b r a m  
(SYR 4/4) i abundant 
muscovlto from 63.0-68.0'; 
silt 30-60a; damp. 

68.0-78.0'-CUtthg8. 
GRAVEL: modorato brovn 
(SYR 414): silty; fines 
10-30a; poorly sortodt 
W. 

78.0-93.0'-CUtting8. 
GRAVEL: rodorate brown 
(5YR 4/4):  moderate brown 
(5YR 4/4)i fines <5t: 
abundant cobbles; poorly 
80rt.d; dry. 

Remarks LDgned by: T. Gulliver 

Den ttatior R 8 s.8 t anc t 
WwalFoot 

20 40 

- -  
Project No. 

306m222 Hydro-Search, Inc. Page4of  5 
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project: Rocky Flats Plant ILOG OF BORING NO. 47-86 

Date Drilled 10/24 /86, 10/27 /86 COOrdin.tO8 N 37860.9 E 15184.1 
Boring Method &a Driver around Surface Elevation 6081.92' - 

Iiev. 
feet - 

LARAMIE FORMATION 

~3.o-~oo.o~-~uttings. 
SILTSTONE: light olive 
gray (5Y 6/1) : clayey: 
well laminated; plastic: 
moist. 

TOTAL DE=: 100' 

?emarks ZDeeed bv: T. ollliver 

'en tration 
3 e a?a t anc e 
BbwdFoot) 

20 40 
-rn-r 

Other 
Tests 



c 
0 w 
7 s 
a 

WELL CONSTRl 
LOCATION OI CWRDS: 
N 37860.9 E 15184.1 

DRILLING SUMMARY: 

TOTAL DEPTH Well: %s49' : 100.00' 
BOREHOLE 0 l ~ ~ m ~ ~ 0 . 0 0 '  - 53.M': 5 5/8" 
53.50' - 100.00': 4 7/8" 

ORILLER b' les Brothers Drilliw Co. 
15865 W. 5th Avenue. Golden. CO 
(Arrow Drilling, Tan Hi&) 

RIG &inn -r 
BIT(S) 0.00' - 56.00': Down h0lp-r 
56.00' - 100.00': T r i m  b i t  

DRILLING FLUID 

SURFACE CASING 5" X 5' S t e e l  W/ 1 o c k h E  CaD 

WELL DESIGN: 

BASIS: GEOLOGIC LOG 

USING S73lNGLS): C=CASlNG SrSCXEEN 

GEOPHYSICU LOG - 
0.00' 6.23' C1 - 
6.23'- 94.49' SI - - -- - -- - -- - -- - - - -- - -- - - - -- - -- - - - -- - -- - - - -- - -- - - - -- - -- - - - -- - -- 

CASING: CI 2" 1.D. Sch. 5 CVW 3 16 stain- 
less steel. threaded and f lush  
iointed. 

SCREP(: si 2" 1.D. Sch. 5 t V W  316 s t a h  
less steel. threaded ard flu& 
iointed. 0.0 10" wire wraD s c r e q  
0.25' welded bottan call. 

CENTRALIZERS 304 stainless steel 
87.56' - 88.79' 

. .  
flLTER MATERIAL 32-42 d&&S.& 
4.60' - 95.00' 

0.00' - 2.90' 

2.90' - 4.60' 

CEMENT PO- I 

OTHER 318" bm-ts 

JCTION 
WELL 

SUM 

G 7-86 

MARY 
ELEVATlON: GROUND L M L  - a7 1 

TOPOF CASING 6084-08' 

CONSTRUC~ION nME LOG: 
I 9 A q Z  1 FINISH 

TASK 

DRILLING: 

- 

I-1-1-1- 

I-1-1-1- 

I I I I 

WELL DEVELOPMENT 

COMMENTS: 

r i l l j a  Water at 92 d I *  

CONS ULTl NG HY 0 R OLOG I STS - G EO LO G ISTS 



Pr 0 joct: F c d q  Flats Plant ILOG OF BORING NO. 
Date Drllled 9/18/86,9/19/86, 10/23/86- 11/13/86 Coordfnrta8 N 36025.2 E 15175.9 
Boring Method cas% Driverm Core Ground Surf ace Ekvrtlon 6096. sa 

0-7 .0  ' -Cutting.. -VEL: 
moderat. brovn ( 1 O Y B  4 / 4 )  : 
granite and quartzit. 
cobbles and boulders: 
silty sand matrix: poorly 
sorted: unconrolidatd; 
dry. 

7.0-9.0'-CuttFngs. 
BOULDER: large quartzite 
boulder. 

9.0-33.0i-~ttings. 
GRAVEL: moderate brown 

pebbles and cobblu; 15- 
3 0 t  sand: poorly sorted; 
unconsolidated; damp. 

(10YR 4/4) : granitic 



Rodcy Flats Plant LOG OF BORiNG NO. 48-86 
Pro joct: 

Date Dtllled9/18/80, 9/19/86, 10/23/86- 11/13/86 COOtdInrt88 N 36025.2 E 15175.9 
t Boring Method Casing Driverm &re Qround Surf aco Elevrtlon 6096.68 

Meterial Dorcriotlon 

BOULDER: large &rtzite 
boulder. 

35.0-46.O1-Cuttings. 
GRAVEL: moderate brown 
( 1 0 ~ ~  4 / 4 )  : granitic 
pebbles and cobbles: 15- 
30% sand: poorly sorted: 
unconsolidated: damp. 

Romarh  ksgged by: T. Qdliver & T. Fimhy 

I 



i 

LOG OF BORING NO. 48-86 

Ground 8urf aco Elevation 6096 .ia 1 

Project: Flats Plant  

Date Drllled 9/18/86, 9/19/86, 10/23/86- 11/13/86Coordlnato* N 36025.2 E 15175.9 
Borlng Method kiver/EX= core 

Material Deacriotion Other 
teats 



I 

70.O-74.O1-Cuttings. - 
CLAYSTONE: light oliv. 
gray (5Y 5/7); laminated; 
aoft: vat. 

74.0-79.O1-Samp18. 
Recovered 0.3/5.0'=68. 
RQD=O/O . 3  ' 48. 
CLAYSTONE: medium light 
gray (N 6/0): abundant 
wood fragments: trace 
silt: abundant fractures 
vith limonite stain 
(1OYR 6/6); soft to 
moderately firm: damp. 

79.0-84.0I-Samplo. 
Recovered 2.8/ I). 0 '=562. 
RQC-2.6/2.8 I-938. 

60.0-70.O1-Cuttinq8. 
GRAVEL: moderate b r w n  
( 1 O Y R  4 / 4 ) :  50-608 granite 
and quartzite pebbles and 
cobbler: silty sand 
matrix; poorly aortod; 
unconsolidated: wot. 

LARAXIE FORMATION 

bemark8 Lo& by: T. Gulliver & T. brdw 

T F L -  Other 

1 
1 



0 

0 

d' 
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project: Rocky Flats Plant LOG OF BORING NO. 48-86 

Date Drilled 9/18/86,9/19/86, 10/23/86- 11/13/86Coordlnates N 36625.2 F. 15175.9 
Boring Method Cash Driver/% Core Ground Surface EJevation 609G,58' - 

Elev. 
,feet - Ma terlal Doacriptlon Depth 

Remarks  

79. +8 1.2 * : 
same as above; yellowiah 
gray (5YR 7/21: moft; iron 
stained. 8 1.2-8 2.2 : 
IRONSTONE: dark reddish 
brown (10R 3/4); mottled 
with olive gray (5Y 3/2) 
claystone; grad88 into 
yellowish gray (5Y 7/2) 
to light gray clayatone 
at 82.3 to 84.0'; trace 
ailt; abundant vertical 
and horizontal fractures 
w i t h  limonite stains 
( 1 O Y R  6/6); firm to hard; 

CLAYSTOWE: 

84.0-89.0'-8~1O. 
Recovered 5.0/5. O'=1008. 
RQm3.6/5.0'=72%. 
CmYSTONE: medium light 
gray (N 5/01 to m e d i u m  
gray (N 4/01: milty in 
placea; wood fragments; 
subvertical and hori- 
zontal fractures w i t h  
limonite stain ( 1 0 ~ ~  
6/6) ; no apparent bedding; 
highly fractured; soft to 
moderately firm; d8mp. 

89.0-94.0'-Saqla. 
Recovered 4.0/5.01=80%. 
RQD=4.0/4.0'=100?. 
8 9.0-90.8 I : SILTSTONE: 
medium light gray (N 4/0); 
fine sand and clay; grades 
down into claystone; 
subvertical fractures (60- 
80') to subhorizontal 
fractures: firm; damp. 
90.8-94 .O : CLAYSTONE: 
same as 84.0-89.0'; 
fractures at 92.4-94.0' ; 
coated with limonite atain 
( 1 O Y R  6/6); fim; damp. 

94.0-99.0'-Sample. 
Recovered 4.6/ 5.0 '-92 %. 
RQD=2.8/4.6'=61%. 
CLAYSTONE: same a8 above: 
light olive gray (5Y 5/2): 
numerous horizontal and 
subhorizontal thin 
ironstone and limonite 
layers (<.Ola)  w i t h  

en tration 

Bbwa/Foot) 
2 0  4 0  

t e s'ts t ance 

m 



0 

0 

I 

e 

projec t :  Rocky Elats Plant LOG OF BORING NO. a+j 
Date Drilled 9/18/86, 9/19/86, 10/23/86- I l l l 3 / 8 6 ~ O O ~ d ~ ~ ~ t ~ S  N 30025.2 
Boring Method Casing Driver/NC Care Ground Surface EIevation 6096.681 

E 15175.9 

Elev. 
,feet. - 

I I 

Material Deacriotion Depth 

ironstonr fragmmnts: 
altered w o o d  fraqments: 
interbedded fine sandy 
clayey siltstone beda: 
0.8' thick; firm; damp. 

99.0-104.01-Sample. 
Recovered 1.4/5.0'=28?. 
RQD..l.O/l.  4 *=71%. 
SILTSTONE: light olive 
gray (5YR 5/2) to m e d i u m  
light gray (N 5/0); trace 
very fine 6and; clayey; 
limonite fractures 
(horizontal) . 
104.0-1O9.O1-Samp1~. 
Racovr red 2.9 / 5.0 '=58%. 
RQ D= 1.9 / 2.9 * - 6 6 % . 
CLAYSTONE: light medium 
gray (N 4/10) to dark 
yellowish orange (10YR 
6/6) ; numerous 
subhorizontal limonite 
stained fractures; soft: 
damp to moist. 

109.0-112.0'-Saplple. 
Recovered 3.0/3.0'-100%. 
RQD= 2.9/ 3.0'19 7%. 
SILTSTONE: medium gray to 
dark gray (N 4/Q to N 
3/0) : trace sand: clayey: 
carbonaceous; occasional 
thin claystone beds: 
yellowish gray ( S Y  7/2) 
concretions; slightly 
calcareous. 

Depth correction: total 
depth of bOt~hOl~~ll4.2'. 

114.2-117.2 -Sample. 
Recovered 2.9/3 .01-97%. 
RQE=O.7/2.9*=24%. 
SILTSTONE: same as above 
with sandy laminations; 
calcite cemented layer 
(0.2'); fev yellowish gray 
(5Y 7/2) concretions; 
firm: damp. 

ene t r a iio n 
e s i s t  ance 
Ibws/Foot) 

2 0  40 m 

lrll 
Remarks 

I .  Checked by: , 

106po6222 Hydro-Search, lnc. Page 6 of 1 1  
Project  No. 



project: Rocky Flats Plant (LOG OF BORING NO. 48-86 

Date Drilled 9/18/86,9/19/86, 10/23/86- I 1/13/&jCoordinates N 36025.2 E 15175.9 
Boring Method casing Driver/NC &re Ground Surface Elevation 6096.66' 

ilev. 
feet - Material  Deacriotion Depth 

(feet) Typ 

R e m a r k s  

117.2-122.2'-Sample. 
Recovered 4.6/5.0*=92%. 
RQD=3.5/4.6'=76%. 
SILTSTONE: dark to medium 
gray (N 5/0 to N 3/0): 
Intarbedded layera of 
milty aandotone; aandy 
ailtstone and clayey 
miltstone; bed 0.1 

carbonaceous: calcareous 
from 121.0 -122.2'; bedding 
dips from 40-50° in 
upper l17.2-119.Oi then 
ahallovs to 15-20° in 
upper 117.2-119.0i then 
8hallOVS to 15-zoo at 
bottom of core; flaaer 
bodding characteristics; 
firm; damp. 

to 0.2'-thi~k; 

122.2-127.2'-Sample. 
Recovered 1.6/5.0 '=32%. 
RQ-0.7/1.6*=44%. 
SILTSTONE: same as above; 
damp to moist. 

127.2-132.2'-Sample. 
Recovered S.0/5.0 '=100%. 
RQD- 3.2/ 5.0 *-64%. 
SILTSTONE: medium gray 
(N 4/0) ; trace aand; 
clayey: vertical and 
horizontal calcite filled 
fractures at 128.5179.5'; 
carbonaceous fragment.; 
bedding appears masaiva: 
firm to hard; damp. 

132.2-137.71-Sample. 
Recovered 4.0/5.0'=80%. 
RQC-0.0/4.0*-0%. 
SILTSTONE: medium light 
gray (N 6/01: clayey: 
sandy: interbedded layera 
of silty sandstone; very 
fine-grained; tight: firm: 
damp. 

137.2-142.2'-Sample. 
Recovered 5.0/5.0*=100%. 
RQD-3.2/5.0*-64%. 
1 3 7.2- 1 3 8.0 : S I LTY 
SANDSTONE: very fine- 
grained; cemented w i t h  
calcite. 

Logged by: T. Glliver & T. k q h y  

Other 
Tests 

en tration 
e s?r t anc e 
3 b w  s/ Foot) 

2 0  4 0  m 

-= - 
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0 

i 
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Rocky Flats P l a n t  LOG OF BORING NO. 48-86 project: 

Date Oriiied 9/18/86, 9/19/86, IO/=/%- I 1/13/~Coordinates N 36025.2 E 15175.9 
Boring Method casirq kiwrm 6- Ground Surface Elevation 6096.68' - 

Elev. 
feet - Material Description 

Remarks 

13 8.0-14 2.2 I :  CLAYEY 
SILTSTONE: concretion 
layer at 138.2 to 138.8'; 
aubvertical calcite vein 
at 1 3 9 . 0 ;  firm; damp. 

142.2-147.2'-Sarpl.. 
Recovered 4.6/5.0'=93%. 

SILTSTONE: medium dark 
gray (N 4/01 ; trace aand: 
clayey; CarbOMcem.8 
layem. 

RQW1*6/4.6'=35*. 

147.2-lS2.2i-Sarple. 
Racovered 3.9/5.0 '-78a. 
RQ011.3/3.9'-33%. 

same a8 above; firm; damp. 

silty; laminations o f  
siltstone; vary fina- 
grained; convoluted 
bedding; 20°-30° dip; firm; 
damp. 

147.1-151.3': SILTSTONE: 

15 1.3-152.2' : SANDSTONE: 

15 2.2-157.2 - Sample. 
Recoverad 4 .3/5.Oi=86%. 
RQD-1.2/4.3'-28%. 
1 5 2.2- 1 5 3 . 0 ' : S I LTY 
SANDSTONE: as above. 

15 3.0- 157.2 : SILTSTONE : 
medium gray (N 5/0): 
clayey: trace sand; 
carbonaceous; firm; damp- 

157.2-162.2'-S9le. 

RQP0.6/3.4'=18%. 
recovered 3.4/5.0*- 6 8 % .  

SILTSTONE: aare as above: 
damp. 

'en tration 
e 878 t an c e 

Bbws/Foot) 
26 4 0  



0 

0 

d 

0 

LOG OF BORING NO. 4s-86 pro jec 1: 

Date Oriiled 9/18/86,9/19/86, 10/23/86- ]1/13/~Coordinates N 36025.2 E 15175.9 
Boring Method k i n g  Driverm &re Ground Surface Elevation 6096.68' 

Rodcy Flats Plant 

- 
Elev 
tee, - 

Material Descriotion 

162.2-167.2'-Srrpl8. 
Recovered 4.0/5.0'=80%. 
RQD=O.8/4.0'=20%. 
SILTSTONE: same as above; 
alternating layers of  
clayey siltstone and sandy 
siltrrtone; b8ds average 
0.25' thick; appear to be 
close to horizontal; firm; 
darp. 

167.2-173.O1-Sarpp1e. 
Recovered 1. 0/6.0'=17%. 
RQItO.O/l.O'=O%. 
SILTSTONE: medium dark 
gray (N 4/01; clayey: 
trace sand; abundant 
carbonaceous fragments; 
moderately f inn; 
damp on fresh surfacr. 

173.0-178.O'-Swl8. 
Recovered 4.3/5.0*=86%. 
RQD=3.4/4.3'=791. 
SILTSTONE: same as above: 
d-0 

178.0-183.0'-Sarp18. 
Recovered 4.0/5.0'=80%. 
RQD=1.2/4.0'=30%. 
SILTSTONE: same as above 
v i th  coaly layer at 179.3' 
to 179.7'; highly 
fractured from 181.0- 
183.0'; firm: damp. 

Hydro-Search, Inc. 

Remarks Logged by: T. al l iver  & T. Mxd-iv 

'enetr a tion 
qesrrtance 
Bbw s/ Fwt) 

20 40  r 



ILOG OF BORING NO. 4&86 project: R x k y  Flats Plant 

Date Drilled 9/ 18/86, 9/19/86, 10/23/86- 11/13/86Coordlnatos N 36025.2 E 15175.9 
Boring Method Casing Driver/NC Core Qround Surface Elevation 6096.68' 

Material Description 

Remarks 

183.0-187.O1-Sanple. 
Recovered 2.7/4 .o 1=68a. 
RQpIO.5/2.7'=191. 
SILTSTONE: same aa above: 
clayey: highly fractured 
throughout: rim: damp. 

187.0-192,O1-Sarple. 
Recovered 3.9 15.0 '=78a. 

SILTSTONE: same a8 above: 
le88 clay-rich: trace very 
ffne-grained sand: coarser 
silt: fractured: damp. 

197.0-197.O1-Sample. 
Recovered 4 .2/5.O1=84t. 
RQD=3.0/4.2'=71%. 
SILTSTONE: similar to 
above: coarser grained: 
less clay: trace very 
fine-grained sand: grades 
to interbedded silty 
sandstone and sandy 
siltstone at 194.5': 
t h i n  to thick bedded: 
highly convoluted 

contemporaneous def orma- 
tion chartacteristics: 
bedding appears flat: 
firm: damp to roi8t. 

RQ-0.0/3.9rOI. 

r -  contacts; abundant pene- 

197.0-202.0'-S~pl0. 
Recovered 5.0/5.01=1001. 
RQ+l.l/ 5.0 ' =2 2 % . 
SANDSTONE: medium dark 

3 gray (N 4/0): fine to very 
f ine-grained: silty, 
interbedded with siltstone 
and sandy siltstone: thin 
to thick bedded: 

..... ..::.>;..:.. :.:.:::::.. ..... convoluted: 501 sandstone: 
:i+~;~.x;: 50% siltstone: firm to 
.............. ............... 
............... ............. :: 
..::::.:{<.>:.::., .:.;.... ...... :. I::.. ...:..: i:,.:::: ..... :::: t ~ soft: vet. 

Lo@ by: T. Gulliver & T. k q h y  

Bn tration e 8% tan c e 
IbwslFoot) 

20 40 m 

i 
1 

_ _  . .  
I 

Project No. 
106po6222 I Hydro-Search, Inc. I Page 10 of I I  



project: podcy Flats Plant  LOG OF BORING NO. 48-86 

Date Orilled 9/18/86,9/19/86, 10/23/86- I 1/13/86COOrdlnatOS N 36025.2 E 15175.9 
Boring M e t h o d  Casing DriverN core Ground Surface Elevation 6096.68' 

Material Description D e p t h  

702.O-207.Oi-Sample. 
Recovered 4.6/5.0'=92%. 
RQD=2.8/4.6'=61%. 

: medium light 
gray (N 6/0); very fine to 

8orted; -interbedded vith 
siltstone and clayey 
8iltstona; flaaer bedding 
common: beds range 
from .001'to 1' in 

_ .  *ained; poorly 

1 207.0-208.31: SANDSTONE: 
.arm a8 above. 

SILTSTONE: 
dark gray (N 3/0):  
interbedded vith medium 
gray (N 5/0): coaly: 

appears horizontal. 
ing is convoluted: 

t TOTAL DEPTX: 212.0' 

Remarks bgged by: T. Gulliver 6 T. k q h y  

en tration 
I e a's t anc e 
3bw s/Fmt) 

20 4 0  rn 



I 

0 

0 

WELL - 
WELL CONSTRUCTION SUMMARY 

LOCATION or CWROS: 
N 36025.7 E 15175.9 

DRILLING SUMMARY:  

TOTAL DEPTH 

BOREHOLE DIAMETER 0.00' - 78.31' : 5 518'' 

DRILLER les Brothers Drilljruz CO. 

: 207.07' Hob: 738.00' 

. 78.00'-212.00': 4 3/4" 212.00'-238.00': b 

15865 W. 5th A v e r a r e s  Golden, al 

BIT(s) 0.00'-78.M': bmholehamer; 78.30 - 212.00' : Coring b i t ;  212.00' - 238.00: Clmg 
0.00' - 78.30' : md 

4' steel w/ 1- SURFACE C A S I N G > X  'I 78. 

WELL DESIGN: 

BASIS: GEOLOGIC LOG 

UISlNG SF7ING(Sk C-CASING SxSCREEN 
GEOPHWICJU LOG __ 

0.00' 78.40' a - -- 
0.00'- 191.99' Q - - -- - -- 

~ 191.99'- 207.07' S1 - 

- - - --I- -- 
CASING: C l  5" 1.D. steel 

c2 2" I.D. Sch. 5 tvue 316 st&- 
less steel. th- 

SCREM:  SI  2" 1-D. % h a  5 316 Sfa* 

less steel. th- 
iointed. O.OIO" wire w r a ~  
screen. 0.25' uelded botm CaD. 

XI4 stainless steel CENTRALIZERS 
199.27' - 200.47' 

. .  
n L E R  HOTERICL 3 4 2  Sd&LS& 
188.50' - 209.00' 

CEMENT hrtld I 
0.00' - 186.00' 

Q ~ H =  3/8" b e n d t e  rmllets 
186.00' - 188.50' 
209.00' - 238.00' 

HYDRO-S EARCH RENOWEWER 
- 2 5 0  

ELEVATION: GROUNO L M L  6096 * ' 
TOPOF CASING 6% 0.05 '  

C O N S I R U n I O N  TIME LOG: 
I f l A U  I FlNtsn 

TASK - 
DRILLING: 
' 5  5/8" c a ~ h g  9/18 1024 

r 
10/23 1310 

Reaninn 11/13 1500 - -  
GEORIIS maw - - 
CASlHj: 

5" steel 9/18 1024 

2'' s m  11/140838 

9/19 IIiO 
10/28 1500 
11/13 1630 

-- 
- - -- 

9/19 1110 
11/14 m 

I-I-1-1- 

11/13 1631 
CEYEHnNO:  11/17 0857 

OTHER: 

11/13 1m 

11/14 1342 
11/18 1 1142 -- 
- -- I UP -- 11/13 1631 

11/3 1 1135 

COYYENTS: 

Nomrenuxm tered &inn drilling. 

Ton of stpinless steel cas inn: 2.69 '  

CONSULTING HYDROLOGISTS-GEOLOGIST 



i 

Project; bcky Flats Plant LOG OF BORING NO. 49-86 

Date Drilled 10/16/86 Coordlnates N 35000.5 E 15176.7 
Boring Method Casing Driver Ground Surface Elevation- 6696.32* 

Material Description 

ROCXY PLATS AIU" 

0-7 * -Cuttings. GRAVEL: 
moderate brown (5YR 4 / 4 )  : 
silty: abundant quartzite: 
micaceous: 22 gravel 
limonite coated: dry. 

7.0-13.0*-Cuttings. 
GUVEL: Same as above 
with no limonite coatings: 
dry. 

13.0-16.O'-Cuttings. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) ;  silty: sandy: 
poorly sorted: subangular: 
20-300 fines: damp. 

16.0-26.01-CuttingS. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) :  silty: sandy; 
102 silt: 302 sand: poor11 
sorted: subangular; moist, 

R e m a r k s  Logged by: T. CuLLiver 

ene tr a tion 
1 esrst ance 
Bbws/Foot) 

20 40 rn-r 



= 
PDCky Flats Plant ILOG OF BORING NO. 49-86 

Project: 

- n r A r  n-:it-A In / r r  I n *  

u a t w  UIII IWU iUI 10/750 Coordinates N 36000.5 E 15176.7 
Boring Method Casing Driver Ground Surface Elevation 6096.92' 

26.0-32. 
GRAVEL: 

boulders 
(5YR 4/4  

O*-Cuttings. 
moderate brovn 

1; silty; abundant 
: 52 silt: moist. 

32.O-38.Oi-CuttingS. 
GRAVEL: Same as above; 
silt 52; sand 102; moist. 

38.0-40.o*-~uttinga. 
GRAVEL: Same as above: 
fines <12: drv. 

pene tra tioi 
Resrstancc 
[BbwsiFoot 

20 4 0  m 



i 

project: %cky Flats Plant LOG OF BORING NO. 49-86 

Date Drilled i 01 16 /86 Coordinates N 36000.5 E 15176.7 
Boring Method hiq Driver Ground Surface Elevation 6096.92' - 

Elev 
, feel  
7 

40.0-49.0'-Cuttings. 
GRAVEL: moderate brown 
(5YR 4/4); silty; sandy: 
poorly sorted; subangular: 
silt 202; sand 20-302: 
moist. 

49.0-50.0'-~uttings. 
SAND: light brown (5YR 
5/6) ; fine-grained; well 
sorted: subrounded; damp. 

50.0-56.0'-Cuttings. 
GRAVEL: moderate brown 
(5YR 4/4) : sandy; silty; 
gravel 10-202: sand 20-  
3 0 % ;  poorly sorted; 
subangular; moist. 

!56.0-57.0'-Cuttings. 
GRAVEL: moderate brown 
(5YR 4/4); coarse, sandy 
gravel: moderately well 
sorted; rounded: vet. 

57.0-64.0'-Cuttings. 
GRAVEL: moderate brown 
(5YR 4/4); silty: sandy: 
silt 102; coarse to 
medium-grained sand 20-  
302; subrounded; vet. 

Fen 8 t r atro n 
?emstance 
BbwslFoot) 

20 40 
1 1 1 1  

L L L L  
R e m a r k s  Lo& bv: T. Glliver - .  ~ _ _  Checked by: 

106po6222 Hydro-Search, Inc. P a g e 3 o f 4  
Project No. 



project: bciq Flats P l a n t  [LOG OF BORII 
Date Drilled IO/ 16 /86 Coordinates N 36900, 
Boring Method Casing Driver Ground Surface Eleval 

N 
I 

.5 
tic 

Deptt 
(feet1 Material Deacriotion 

64.O-66.Oi-CuttingS. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) :  sandy: silty: 
fine to medium-grained 
sand 202: si l t  3 0 % ;  vat. 

66.0-67.Oi-Cuttings. 
GRAVEL: moderate brown 
(5YR 4 /4 ) :  silty; sandy: 
20% gravel: 302 medium- 
grained sand: poorly 
sorted; very wrt. 

67.0-67.5'-Cu+thgS. 
C-Y: moderate brown (5YI 
4/4); sandy: silty: 
plastic: soft; wet. 

67.5-68.0i-Cuttings. 
SAND: moderate brown (5yI 
4/4): gravelly: silty 52: 
wet. 

m I E  FORMATION 

68.0-69.0'-CuttingS. 
CLAYSTONE: light olive 
gray ( 5 ~  5/2): subplastic 
damp. 

69.0-70.0'-Cuttinqs. 
SILTSTONE: light olive 
gray (5Y 5/2): subplastic 
damp. 

70.0-74.o'-~uttings. 
CLAYSTONE: medium gray ( 
5 ) :  laminated: damp. 

TOTAL DEPTR: 74.0' 

Remarks bgged by: T. U l i v e r  

enetration 
fesietance 
BbwslFoot) 

20 4 0  n-n- 

Project No. 
106m222 I Hydro-Search, Inc. 

G NO. 49-86 



WELL CONSTRUCTION SUMMARY 
ELEVATION: GROUND L M L  50%-92' 

TOPOF CASING 5098-90' 
LOCATION or COORDS: 
N 36000.5 E 15176.7 

DRILLING FLUID 

SURFACE CASING 5" X 4 -50' S t d .  W/ 1odcin 
CaD 

WELL DESIGN: 

FILTER t.iATmicL 32-42 silica sand 

CEMENT p o f l l d  * I 
OTHER 3/8" bentonite Dellets 

3.57' - 69.00' 

0.00' - 2.40' 

2.40' - 3.57' 
69.00' - 74.00' 

HYDRO- S EARCH RENO-DENVER 

CONSTRUCTION TIME LOG: 

TASK - 
DRILL1 NB: 

GEOPHYS. LOGGiNG 

CASING: 
2" stainless 

FILTER PLACEMPn 

CEMEPm NO: 

CNELCPMENT: 

OTHER: 
Bentonite 

STnRt FINISH 

w 
10116 

- - 
10/17 

- 
- 

10120 
10117 - 
- 

10117 
10120 
- 

TlME 

1515 

1246 

0900 
1 IC0 

1246 
0925 - 

WELL DEVELOPMENT 

See 'Well Dorelomnt h r v  Sheet. 

COMMENTS: 

a t  52' durlne d r i l l i n c .  

CONS ULTl N G HY OROLOGI STS - G EO LO G i STS 



bdq Flats Plant  LOG OF BORING NO. 50-86 Pr 0 bot: 

0.10 DrUIod I 0/7 I86 Coordinates N 34822.0 E 14184.0 
Boring Mothod Driver around Surfaco EIovatlon 6121.98 

Elev. 
feet - 

0-12.0 * -Cuttings. GRAVEL: 
moderate brown (SYR 4/41 : 
,granite and quartzite 
pebbles, cobbles, and 
boulders; <22 sand and 
silt; iron coated 
surfaces; poorly sorted: 

14.O'-Cuttinga. 
L: Sam0 an above: 

(5YR 4/4)  : granite and 
quartzite pebbles, cobbles 
and boulders: some 
boulders >2'  in diameter: 
1-2% sand and silt: poorly 
sorted; unconsolidated: 

Rom 81 k 8 Lo@ by: T. Gulliver 

20 40 I 

- Checked by: 

Pro Joct No. 
106w6222 I Hydro-Search, Inc. Paee 1 of 6 



Rocky Rats Plant ILOG OF BORING NO. 50-86 Pro joct: 

Dit. 0rUI.d 10 /7/86 COOrdln8te. N 3m.2.0 E 14184.0 
Boring Mothod cas* Driver around 8urt 8co E l O V . t b  6121.98 

25.0-25.5i-~ttings. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) :  granitic 
pebbles: sandy: silty: 
poorly sorted: 
unconsolidated: damp. 

25.5-75.Oi-Cuttinqs. 
GRAVEL: moderate brown 
(5YR 4 / 4 )  : granitic 
pebbles and cobbles vith 
some light gray (H 7) 
quartzite cobbles; 1-58 
sand and silt: poorly 
sorted: unconsolidated; 
damp. 

Rom8rkr Logged by: T. Gulliver 

.-=. 



a 

7 

Pt 0 joct: bcky Flats Plant LOG OF BORING NO. W 6  

Date 0rUI.d 10/7/86 Coordlnate8 N 34822.0 E 14184.9 
Boring Method Driver around Surfaco Efovatlon 5121.98 I 

Matorial Do~criotlon W w s i  lncY 
20 40 

I 
Romart8 Lo& by: T. Gulliver __ Checked by :&&f 
Pt o Joct No. 

106po6222 Hydro-Search, Inc. Page 3 of 6 



i 

Proloct: bdq Flats Plant ILOG OF BORING NO. 3-86 

08to OrUkd 10/7/86 
Boring Method Casing Driver 

Coord'Mto8 N 34822.0 E 14184.0 
around 8wf ace Ehv8tlorr 6121.98 

75.0-92.0g-Cutthg8. 
GRAVEL: moderate brown 
(SYR 4/4) ; granitic 
pebbles and cobbles: -201 
medium to coarse-grained 
sand and silty sand: 
poor1 y sorted; subangular: 
unconsolidated: damp. 

Romark8 lagged by: T. Gulliver 

B&wd IncN 
20 40 m 

_ _  
m 

Pro Joct No. 
I Mpo6222 Hydro-Search, Inc. P a 9  4 of 6 



0 

Pro joct: bcky Elats Plant [LOG OF BORING NO. 50-86 

Date 0riIl.d iO/7/86 
Boring Method Casing Driver 

COOfdln8tO8 N 34822.0 E 14184.0 
around Surtacm Efovatlan 6121.98 I 

Material Dercriotlon 

LARAMIE PORlUTION 

CLAYSTONE: very light 

92.0-98.O'-Cuttinga. 
GRAVEL: Same as above: 
wet. 

I S  

Remark8 Lo& bv: T. Gulliver 

20 40 I 
r r i r r i  

il 



0 

TOTAL DEPTH: 102.0i  

3 

-= 

Remarks Logged by: T. Cillliver 

Project No. 

106po6222 Hydro-Search, lnc. Page 6 of 6 



WELL 50-56 

WELL CONSTRUCTION SUMMARY 0 

20 

40 

80 

ELEVATION: GROUND L M L  1 - 98 ' 
TOPOF CASING s1 7 7 - 3 5 '  

LOCATION or COORDS: 
N 34822.0 E 14184.0 

C O N S T R U e I O N  TIME LOG: 
START FINISH - 

TASK - -Iu I986 
e4Lf; 
I986 

T& 

14E 
DRILLING: 

5 518" 5'' 
cas@ advance 

. .  
DRILLER 
15865 W. 5th Aww. k1dP.r. CO 
(Arrow Drilling. Tan Hi&) 

Casing advancer 
BIT(SI Down hole h m r  

b'7 les Brothers D r i l u  Co. 

RIG GEOPHYS LOGGING. 

CASING: 
2" stainless 

FILTER PLACEMPn 

CEMEPmNG: 

CNELSPMENT: 

OTHER: 
Bentonite 

L 

1105 - 10/14 1052 
DRILLING FLUID 

SURFACE CASING 5" x 4.13' steel w/ lockin 
can 

W E L L  D E S I G N :  

BAS IS :  GEOLOGIC LOG x GEOPHYSICALLOG - 
U S I N G  STFlING(S): C=CASING SZSCREEN 

0.00' 2.90' CI - 
2.90' - 96.15' S1 - - - - -- - -- - - - -- - -- - - - -- - -- 

- - - -- - -- - - - -- - -- - - - -- - -- 
CASING: CI 2" I .D. Sch. 5 tme 316 stain- 

less steel, threaded and flush 
jointed. 

-- I -- 10/14 1200 
10/14 1450 
10/23 1355 

-- 10/14 1440 144 I 

-- I 
-1- 

W E L L  D E V E L O P M E N T  

See Well Dwelomnt Surmarr Sheet. 

'120 

-= 

SCREEN: SI 2'' I .D.  Sch. 5 tme 316 stain- 
less steel, threaded ard flush 
iointed, 0.010'' wire wrap screen. 
0.25' welded bottan ca~. 

55.71' - 86-95? 
92.93' - 94. IO' 

RLTER MATERIAL 16-40 sil ica S a d  

2.40' - 96.15' 

0.W' - 1.60' 
CEMENT pofllalld T m  I 

OTHER 3/8" bentonite Dellets 

- 140 

COMMENTS: 

Water encountered at  49' during drilling. 

. !60 
I- u 
w 
7 
0 
U 
n 

Cave frun TLI to 95.15' 

' 180 

HYDRO-SEARCH RENO~OENVER CONSULTING HYOROLOGI STS - G E O L O G I S T $  



LOG OF BORING NO. 51-86 project:  ?.&cy Fiats Plant 

Date Drilled I 0/22/86 Coordfnates ?I 3 5 5 3 . 3  E 13023.6 
Boring Method Driver Ground Surface Elevation 6142.29' - 

Elev. 
,feet - 

ROCKY PLATS ALU" 

O-S.O'-Cuttings. GRAVEL: 
moderate brown (5YR 4 / 4 )  ; 
sandy: 10-20% sand: poorly 
sorted: limonitic: d r y .  

5.0-17.O*-CUttings. 
GRAVEL: Same as above: 
abundant quartzite 
boulders: dry. 

17.0-20.Ot-Cuttings. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) ;  sandy: silty: 
10% sand: 20-30% gravel: 
damp. 

Remarks Lo& bv: T. Culliver 

enetratfon 
t esistance 
BbwsfFooi) 

20 40 n-rr 



r' 

Project: bdq Flats P l a n t  ILOG OF BORING NO. 51-86 
1 

Date Drilled , o 122 /a6 Coordinates i\l 356i8.3 E 13023.6 
Boring Method rksing Driver around Surface Elevation 6142.29' 

IIev. 
feet - Material Description 

Remarks 'LO& bv: T. Ollliver 

'en tration 
3es7s t ance 
B b w  sl Foot) 

20 4 0 '  20  40 I 



bcky Flacs P l a n t  ILOG OF BORING NO. 51-86 
Project: 

Date Drilled i0/22/86 
Boring Method kirq Driver 

Coordinate8 X 35618.3 E 13023.6 
Ground Surface Elevation 6142.29' - 

Ilev. 
feet - 

Material DescriDtlon 

45.0-!55.0'-Cuttinqm. 
BOULDER GRAVEL: pale 
yellowish brown ( 1 O Y R  
6 / 2 ) ;  abundant quartzite 
and quartz sandstone; dry. 

55.0-74.0*-Cuttfngs. 
BOULDER GRAVZL: same am 
above; milty; daq.  

Remarks Lo& bv: T. CSllliver 

enetration 
'esistance 
3bws/Foot) 

20 40 rn 

c 



BOREHOLE SAMPLE 
NUMBER NUMBER 

BH0187 

BH0287 

BH0387 

BH0487 

BH0587 

BH0687 

BH0787 

J 

BH0887 

BH0987 

BH018701UT 
BH018704WS 
BH018710US 

BH02870012 
BH02871214 
BH028714CT 
BH02871420 
BH028718BR 

BH03870204 
BH038702UT 
BH038709CT 
BH038712BR 

BH04870010 
BH048710WT 
BH048715CT 
BH048719BR 

BH05870005 
BH058705CT 
BH058708BR 

BH06870010 
BH06871020 
BH068726CT 
BH068730BR 

BH078705CT 
BH07870510 
BH078708BR 
BHO7871OUS 
BH07871013 

BH08870007 
BH088707CT 
BH088710BR 

BH09870010 
BH098706UT 
BH098711CT 
BH098714BR 

TABLE 4 
QUALIFIED SOIL RESULTS 

FOR ACETONE I N  LABORATORY BLANKS 

CRQL = 1 0  

SAMPLE 
DEPTH 
(ft) 

0.20 - 1.40 
4.50 - 5.70 
10.00 - 11.50 

0.00 - 11.80 
11.80 - 74.30 
12.00 - 14.30 
14.30 - 20.40 
17.90 - 18.60 

2.00 - 4.00 
2.45 - 3.90 
7.15 - 8.75 

11.75 - 13.25 

0.00 - 10.00 
10.30 - 12.80 
15.30 - 15.70 
19.30 - 20.30 

0.00 - 4.50 
2.00 - 4.50 
7.50 - 9.30 

0.00 - 10.00 
10.00 - 20.00 
24.10 - 25.50 
27.00 - 30.00 
4.30 - 4.80 
5.00 - 10.00 
7.80 - 9.68 
9.68 - 10.35 
10.35 - 13.00 

0.00 - 6.10 
6.10 - 7.00 
10.20 - 12.10 

0.00 - 10.00 
6.03 - 6.60 
10.08 - 11.30 
14.30 - 14.75 

LAB BLANK FACTOR = 1 0  

SAMPLE 
MASS 
(gm) 

1 .o 
1 .o 
1 .o 

5 .O 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

1 .o 
1 .o 
1 .o 
1 .o 

5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

1 .o 
1 .o 
1 .o 

5.0 
5.0 
5.0 
5.0 

SAMPLE 
RESULT 
(ug/kg) 

400 B 
400 B 
470 B 

18.1 
46.3 
82 B 

100 B 
78.3 

2 JB 
9 JB 
69 B 

21 JB  

200 B 
490 B 
350 B 

650 B 

150 B 

49 JB 
130 8 

69 B 
190 B 

110 B 
180 B 

6 4 8  

63 B 
100 B 
38 JB 
270 B 

39 JB 
31 JB 
46 J 

93 B 
110 B 
14.7 
280 B 

BLANK 
RESULT 
(ug /O  

8 J  
8 J  
8 J  

10 u 
10 u 
9 J  
9 J  
10 u 

5 J  
5 J  
5 J  
5 J  

8 J  
8 J  
8 J  
8 J  

5 J  
5 J  
5 J  

5 J  
5 J  
5 J  
5 5  

9 J  
9 5  
9 J  
9 J  
9 J  

8 J  
8 5  
8 J  

29 
29 
10 u 
29 

Q U A L I ~ I E D  

(ug/kg) 

400 
400 
470 

RESULT 

18.1 
46.3 
82 U 

100 
78.3 

10 u 
10 u 
69 
21 u 

200 u 
490 
350 U 
650 

150 
49 u 
130 

69 
190 
110 
180 

64 U 
63 U 

100 
38 U 
270 

50 U 
50 U 

50 U 

93 u 
110 u 
14.7 
280 U 



BOREHOLE SAMPLE 
NUMBER NUMBER 

BH1087 

BH1187 

BH1287 

BH1387 

BH1487 

BH1587 

BH1687 

BH1787 

BH5787 

BH10870010 
BH10871020 
BH108720CT 
BH108723BR 

BH11870010 
BH118711CT 
BH118714WT 

BH128702CT 
BH128705BR 

BH13870010 
BH138711 CT 
BH138714BR 

BH148703U1 
BH148706CT 
BH148709BR 
BH148708U2 

BH15870510 
BH15870005 
BH158726BR 

BH168702CT 
BH16870206 
BH168706BR 

BH17870005 
BH178705CT 
BH178708BR 

BH578704DH 
BH578708O H 
BH578710UC 
BH578712CT 
BH578714BR 
BH578716DH 
BH 57871 8O H 
BH578720DH 
BH578722DH 
BH578724DH 
B H 5 787260 H 
BH5 787280 H 

TABLE 4 (CONTINUED) 
QUALIFIED SOIL RESULTS 

FOR ACETONE IN LABORATORY BLANKS 

CRQL = 10 

SAMPLE 
DEPTH 
( f t )  

0.00 - 10.00 
10.00 - 18.95 
18.95 - 20.00 
23.00 - 25.40 

0.00 - 10.00 
8.70 - 10.70 
13.90 - 17.00 

0.00 - 2.25 
5.25 - 6.50 

0.00 - 10.10 
10.10 - 11.56 
14.56 - 16.20 

2.00 - 2.90 
5.50 - 6.50 
6.50 - 9.00 
7.75 - 8.00 

0.00 - 0.00 
0.00 - 5.00 
24.10 - 25.80 

0.00 - 1.80 
2.00 - 6.00 
6.00 - 6.50 

0.00 - 3.90 
3.90 - 5.25 
8.25 - 8.70 

4.00 - 5.80 
8.00 - 10.00 
10.00 - 12.00 
12.00 - 14.00 
14.00 - 16.00 
16.00 - 18.00 
18.00 - 20.00 
20.00 - 22.00 
22.00 - 24.00 
24.00 - 26.00 
26.00 - 28.00 
28.00 - 30.00 

LAB BLANK FACTOR = 10 

SAMPLE SAMPLE BLANK QUALLFIED 
MASS RESULT RESULT RESULT 

(qm) (us /ks)  (us/o (ug/ kg ) 

5.0 50 JB 4 J  50 
5.0 100 B 4 J  100 
5.0 150 B 4 J  150 
5.0 130 B 4 J  130 

1 .o 180 B 4 J  180 U 
1 .o 130 B 4 J  130 U 
1 .o 160 B 4 J  160 U 

5.0 85 B 9 J  85 U 
5.0 6 6 8  9 J  66 U 

5 .O 15 JB 29 15 U 
5.0 22 10 u 22 
5.0 280 B 29 280 U 

5.0 47.8 10 u 47.8 
5.0 84.6 10 u 84.6 
5.0 44.4 10 u 44.4 
5.0 100.4 10 u 100.4 

1 .o 54 B 8 5  54 u 
1 .o 78 8 J  78 U 
1 .o 48 JB 8 J  50 U 

1 .o 56 B 4 J  56 U 
1 .o 75 B 4 J  75 u 
1 .o 7 5 8  4 J  75 u 

-= 

1 .o 33 JB 8 J  50 U 
1 .o 40 JB 8 J  50 U 
1 .o 250 B 8 J  250 U 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1.0 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

79.00 B 
110.00 B 
85.00 B 
100.00 B 
260.00 B 
200.00 B 
220.00 B 
210.00 B 
110.00 B 
53.00 8 

65.00 B 
38.00 JB 

7.00 J 

7.00 J 
7.00 J 

7.00 J 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 

79.00 U 
110.00 u 
85.00 U 
100.00 u 
260.00 U 
200.00 u 
220.00 u 
210.00 u 
110.00 u 
53.00 U 
65.00 U 

50 U 



BOREHOLE SAMPLE 
NUMBER NUMBER 

BH5887 

BH5987 

BH6187 

BH6287 

BH6387 0 

BH588700UC 
BH588702CT 
BH588704BR 

BH598704UC 
B H598707CT 
BH598709BR 

BH618707DH 
BH618709CT 
BH618712BR 

BH62870008 
BH6287008D 
BH628712CT 
BH628714BR 

BH63870008 
BH6387120H 
BH638718UC 
BH638722CT 
BH638724BR 

TABLE 4 (CONTINUED) 
QUALIFIED S O I L  RESULTS 

FOR ACETONE I N  LABORATORY BLANKS 

CRQL = 1 0  

SAMPLE 
DEPTH 
(ft) 

0.00 - 1.70 
2.00 - 3.90 
4.00 - 7.10 

2.00 - 3.50 
4.00 - 7.00 
7.00 - 9.80 

6.50 - 9.00 
9.00 - 11.50 
11.50 - 14.00 

0.00 - 8.00 
0.00 - 8.00 
12.50 - 14.00 
14.00 - 16.00 

0.00 - 8.00 
12.00 - 13.70 
18.00 - 18.40 
22.00 - 22.50 
24.50 - 26.00 

SUMMARY OF QUALIFIED SAMPLE RESULTS 

TYPE COUNT 

LAB BLANK FACTOR = 1 0  

SAMPLE SAMPLE 
MASS RESULT 

(gin) (ug/kg)  

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

110.00 B 
120.00 B 
74.00 B 

88.00 B 
100.00 B 
87.00 B 

50.00 u 
50.00 u 
50.00 u 

50.00 U 
50.00 u 
50.00 u 
50.00 u 

50.00 u 
50.00 u 
64.00 
50.00 u 
60.00 

BLANK 
RESULT 
( u g / l )  

17.00 
17.00 
17.00 

8.00 J 
8.00 J 
8.00 J 

10.00 u 
10.00 u 
10.00 u 

10.00 u 
10.00 u 
10.00 u 
10.00 u 

10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 

QUALIFIED 
RESULT 
(ug/ kg 1 

110.00 u 
120.00 u 
74.00 U 

88.00 U 
100.00 u 
87.00 U 

50.00 u 
50.00 U 
50.00 u 

50.00 u 
50.00 u 
50.00 u 
50.00 u 

50.00 u 
50.00 U 
64.00 
50.00 u 
60.00 

-=. 

I UNDETECTED (U) 60 
PRESENT BELOU DETECTION (J )  0 
UNQUALIFIED 30 

4’ 



TABLE 5 
Q U A L I F I E D  SOIL RESULTS 

FOR 2-BUTANONE I N  LABORATORY BLANKS 

CRQL = 1 0  LAB BLANK FACTOR = 1 0  

SAMPLE SAMPLE SAMPLE BLANK QUAL1 FI ED 
BOREHOLE SAMPLE DEPTH MASS RESULT RESULT RESULT 
NUMBER NUMBER (ft) (gm) (ug/kg) (ug/l) (ug/kg) 

BH0187 BH018701UT 0.20 - 1.40 1.0 120 B 7 J  120 u 
BH018704US 4.50 - 5.70 1.0 120 B 7 J  120 u 
BH018710US 10.00 - 11.50 1.0 7 7 6  7 J  77U 

BH0287 BH02870012 0.00 - 11.80 5.0 10 u 10 u 10 u 
BH02871214 11.80 - 14.30 5.0 10 u 10 u 10 u 

75 BH028714CT 12.00 - 14.30 5.0 
BH02871420 14.30 - 20.40 5.0 100 10.00 u 100 
BH028718BR 17.90 - 18.60 5.0 10 u 10 u 10 u 

75 10.00 u 

BH0387 BH03870204 2.00 - 4.00 5.0 8 JB 3 J  10 u 
BH038702WT 2.45 - 3.90 5.0 14 JB 3 5  14 U 
BH038709CT 7.15 - 8.75 5.0 10 u 3 J  10 u 
BH038712BR 11.75 - 13.25 5.0 60 3 J  60 

BH0487 BH04870010 
BH048710UT 
BH048715CT 
BH048719BR 

0.00 - 10.00 
10.30 - 12.80 
15.30 - 15.70 
19.30 - 20.30 

1 .o 110 B 

1 .o 110 B 
1 .o 120 B 
1 .o 150 B 

7 J  
7 5  
7 J  
7 J  

110 u 
110 u 
120 u 
150 U 

BH0587 BH05870005 
BH058705CT 
BH058708BR 

0.00 - 4.50 
2.00 - 4.50 
7.50 - 9.30 

5.0 10 u 
5.0 10 u 
5.0 10 u 

3 J  
3 5  
3 J  

10 u 
10 u 
10 u 

BH0687 BH06870010 
BH06871020 
BH068726CT 
BH068730BR 

0.00 - 10.00 
10.00 - 20.00 
24.10 - 25.50 
27.00 - 30.00 

5.0 10 u 
5.0 10 u 
5 .O 10 u 
5.0 10 u 

3 5  
3 J  
3 5  

3 5  

10 u 
10 u 
10 u 
10 u 

BH0787 
>. 

r' 

BH078705CT 
BH07870510 
BH078708BR 
BHO7871OUS 
BH07871013 

4.30 - 4.80 
5.00 - 10.00 
7.80 - 9.68 

9.68 - 10.35 
10.35 - 13.00 

5.0 370 
5.0 79 
5.0 66 
5.0 130 
5.0 21 J 

10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 

3 70 
79 
66 
130 
21 J 

BH0887 BH08870007 
BH088707CT 
BHO88710BR 

0.00 - 6.10 
6.10 - 7.00 
10.20 - 12.10 

1 .o 33 J 
1 .o 20 J 
1.0 50.00 U 

7 J  
7 3  

7 J  

50 U 
50 U 

50.00 U 

BH0987 BH09870010 
BH098706UT 
BH098711CT 
BH098714BR 

0.00 - 10.00 
6.03 - 6.60 
10.08 - 11.30 
14.30 - 14.75 

5.0 10.00 U 
5.0 390 
5.0 10 u 
5.0 130 

10.00 u 
10.00 u 

10 u 
10.00 u 

10.00 u 
390 
10 u 
130 



BOREHOLE SAMPLE 
NUMBER NUMBER 

TABLE 5 (CONTINUED) 
QUALIFIED SOIL RESULTS 

FOR 2-BUTANONE IN LABORATORY BLANKS 

BH1087 

BH1187 

BH1287 

BH1387 

BH1487 

BH1587 

BH1687 

BH1787 

BH5787 

BH10870010 
BH10871020 
BH108720CT 
BH108723BR 

BH11870010 
BH118711CT 
BH118714WT 

BH128702CT 
BH128705BR 

BH13870010 
BH138711CT 
BH 13871 4BR 

BH148703Wl 
BH148706CT 
BH148709BR 
BH148708U2 

BH15870510 
BH15870005 
BH158726BR 

BH168702CT 
BH16870206 
BH168706BR 

BH17870005 
BH178705CT 
BH178708BR 

BH578704DH 
BH578708DH 
BH578710UC 
BH578712CT 
BH578714BR 
BH578716DH 
BH578718DH 
BH578720DH 
BH578722DH 
BH578724DH 
BH578726DH 
BH5787280 H 

CRQL = 10 

SAMPLE 
DEPTH 
(ft) 

0.00 - 10.00 
10.00 - 18.95 
18.95 - 20.00 
23.00 - 25.40 

0.00 - 10.00 
8.70 - 10.70 
13.90 - 17.00 

0.00 - 2.25 
5.25 - 6.50 

0.00 - 10.10 
10.10 - 11.56 
14.56 - 16.20 

2.00 - 2.90 
5.50 - 6.50 
6.50 - 9.00 
7.75 - 8.00 

0.00 - 0.00 
0.00 - 5.00 
24.10 - 25.80 

0.00 - 1.80 
2.00 - 6.00 
6.00 - 6.50 

0.00 - 3.90 
3.90 - 5.25 
8.25 - 8.70 

4.00 - 5.80 
8.00 - 10.00 
10.00 - 12.00 
12.00 - 14.00 
14.00 - 16.00 
16.00 - 18.00 
18.00 - 20.00 
20.00 - 22.00 
22.00 - 24.00 
24.00 - 26.00 
26.00 - 28.00 
28.00 - 30.00 

LAB BLANK FACTOR = 10 

SAMPLE SAMPLE 
MASS RESULT 

(sm) (ug/kg) 

5.0 
5.0 
5.0 
5.0 

1 .o 
1 .o 
1 .o 

5.0 
5.0 

5.0 
5.0 
5 .O 

5.0 
5.0 
5.0 
5.0 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

10.00 u 
10.00 u 
10.00 u 
10.00 u 

50.00 U 

50.00 U 
50.00 U 

37 J 
27 J 

10.00 u 
10 u 

10.00 u 

10 u 
10 u 
10 u 
10 u 

110 B 
50.00 u 
50.00 u 

50.00 U 
50.00 u 
50.00 u 

10 J 
16 J 
130 B 

50.00 U 
50.00 U 
50.00 U 
50.00 U 
100.00 
46.00 J 
50.00 U 
62.00 
50.00 U 
50.00 U 
50.00 U 
50.00 U 

BLANK 
RESULT 
(ug/ t )  

10.00 u 
10.00 u 
10.00 u 
10.00 u 

10.00 u 
10.00 u 
10.00 u 

10.00 u 
10.00 u 

10.00 u 
10 u 

10.00 u 

10 u 
10 u 
10 u 
10 u 

7 J  
7 J  
7 J  

10.00 u 
10.00 u 
10.00 u 

7 J  
7 J  
7 J  

10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 
10.00 u 

QUAL bF I ED 
RESULT 
<ug/kg) 

10.00 u 
10.00 u 
10.00 u 
10.00 u 

50.00 U 
50.00 u 
50.00 U 

37 J 

27 J 

10.00 u 
10 u 

10.00 u 

10 u 
10 u 
10 u 
10 u 

110 u 
50.00 U 
50.00 u 

50.00 U 
50.00 u 
50.00 U 

50 U 
50 u 
130 U 

50.00 U 
50.00 U 
50.00 U 
50.00 U 
100.00 
46.00 J 
50.00 u 
62.00 
50.00 U 
50.00 U 
50.00 U 
50.00 U 



TABLE 5 (CONTINUED) 
QUALIFIED SOIL RESULTS 

FOR 2-BUTANONE IN LABORATORY BLANKS 

CRQL = 10 LAB BLANK FACTOR = 10 

SAMPLE SAMPLE SAMPLE BLANK QUAL1 EIED 
BOREHOLE SAMPLE DEPTH MASS RESULT RESULT RESULT 

NUMBER NUMBER ( f t )  (sm) (us/ks) 0 (us/ks 1 

BH5887 BH588700UC 0.00 - 1.70 1.0 50.00 U 10.00 u 50.00 u 
BH588702CT 2.00 - 3.90 1.0 50.00 U 10.00 u 50.00 u 
BH588704BR 4.00 - 7.10 1.0 50.00 U 10.00 u 50.00 u 

BH5987 BH598704UC 2.00 - 3.50 1.0 50.00 U 10.00 u 50.00 u 
BH598707CT 4.00 - 7.00 1.0 50.00 U 10.00 u 50.00 u 
BH598709BR 7.00 - 9.80 1.0 50.00 U 10.00 u 50.00 u 

BH6187 BH618707DH 6.50 - 9.00 1.0 50.00 U 10.00 u 50.00 U 
B H6 18709CT 9.00 - 11.50 1.0 50.00 U 10.00 u 50.00 U 
BH618712BR 11.50 - 14.00 1.0 50.00 U 10.00 u 50.00 u 

BH6287 BH62870008 0.00 - 8.00 1.0 50.00 U 10.00 u 50.00 u 
BH62870080 0.00 - 8.00 1.0 50.00 U 10.00 u 50.00 U 
BH628712CT 12.50 - 14.00 1.0 50.00 U 10.00 u 50.00 u 
BH628714BR 14.00 - 16.00 1.0 50.00 U 10.00 u 50.00 U 

BH6387 BH63870008 0.00 - 8.00 1.0 50.00 U 10.00 u 50.00 u 
BH6387120H 12.00 - 13.70 1.0 50.00 U 10.00 u 50.00 u 
BH638718UC 18.00 - 18.40 1.0 50.00 U 10.00 u 50.00 u 
BH638722CT 22.00 - 22.50 1.0 50.00 U 10.00 u 50.00 u 
BH638724BR 24.50 - 26.00 1.0 50.00 U 10.00 u 50.00 u 

0 

SUMMARY OF QUALIFIED SAMPLE RESULTS 

TYPE COUNT 

s UNDETECTED (U) 75 
PRESENT BELOU DETECTION ( J )  4 
UNQUALIFIED 1 1  

4- 



TABLE 6 
Q U A L I F I E D  S O I L  R E S U L T S  

FOR BIS(2-ETHLYHEXYL)PHTHALATE I N  LABORATORY BLANKS 

CRQL = 330  ( S O I L S )  LAB BLANK FACTOR = 1 0  

SAMPLE SAMPLE/ELANK SAMPLE QUAL IF IED 
BOREHOLE SAMPLE DEPTH DETECTION RESULT RESULT 

NUMBER NUMBER ( f t )  LIMIT RATIO (ug/kg)  BLANK RESULT ( u g / k g )  

EH0187 EH018701UT 0.20 - 1.40 33 880 240 J UG/L 880 U 
1100 u EH018704US 4.50 - 5.70 33 1100 

BH018710US 10.00 - 11.50 33 140 J 240 J UG/L 330 U 
240 J UG/L 

EH0287 EH02870012 0.00 - 11.80 1 5023 434 UG/KG 5023 U 
EH02871214 11.80 - 14.30 1 4482 434 UG/KG 4482 U 
EH028714CT 12.00 - 14.30 33 2700.00 10.00 U UG/L 2700.00 
EH02871420 14.30 - 20.40 33 2800.00 10.00 U UG/L 2800.00 
EH028718ER 17.90 - 18.60 1 7214 434 UG/KG 7214 

EH0387 EH03870009 0.00 - 8.75 33 940 B 2 J UG/L 940 
EH038702UT 2.45 - 3.90 33 700 E 2 J UG/L 700 
EH038709CT 7.15 - 8.75 33 660 B 2 J UG/L 660 
BH038712ER 11.75 - 13.25 33 730 E 2 J UG/L 730 

EH0487 EH04870010 0.00 - 10.00 
EH048710UT 10.30 - 12.80 
EH048715CT 15.30 - 15.70 
BH048719ER 19.30 - 20.30 

470 J 
1600 
960 
650 

470 J 
1600 
960 
650 0 

EH0587 EH05870005 
BH058705CT 
BH058708ER 

0.00 - 4.50 
2.00 - 4.50 
7.50 - 9.30 

33 
33 
33 

880 B 
870 E 
950 B 

2 J UG/L 
2 J UG/L 
2 J UG/L 

880 
870 
950 

EH0687 EH06870010 
BH06871020 
EH068726CT 
EH06873OBR 

0.00 - 10.00 
10.00 - 20.00 
24.10 - 25.50 
27.00 - 30.00 

1500 
1100 
510 u 
1200 

33 
33 
33 
33 

1500 E 
1100 E 
510 E 
1200 B 

2 J UG/L 
2 J UG/L 
2 J UG/L 
2 J UG/L 

EH0787 EH078705CT 
? E H078705 1 0 

8- EH0787088R 
EH078710US 
EH07871013 

4.30 - 4.80 
5.00 - 10.00 
7.80 - 9.68 
9.68 - 10.35 
10.35 - 13.00 

33 
33 
33 
33 
33 

1300 -00 
3200.00 
1600.00 
1100.00 
2500.00 

10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 

1300.00 
3200.00 
1600.00 
1100.00 
2500.00 

BH0887 BH08870007 
EH088707CT 
BH088710BR 

3800 
3100 
3700 

0.00 - 6.10 
6.10 - 7.00 
10.20 - 12.10 

33 
33 
33 

3800 
3100 
3700 

6 J UG/L 
6 J UG/L 
6 J UG/L 

BH0987 BH09870010 
EH098706UT 
EH098711CT 
EH098714ER 

0.00 - 10.00 
6.03 - 6.60 
10.08 - 11.30 
14.30 - 14.75 

3000 
1900 
3591 U 
1000 

33 
33 
1 

33 

3000 
1900 
3591 
1000 

1 J UG/L 
1 J UG/L 

434 UG/KG 
1 J UG/L 



TABLE 6 (CONTINUED) 
QUALIFIED SOIL RESULTS 

FOR B I S  ( 2 -ETHLYHEXYL) PHTHALATE I N  LABORATORY BLANKS 

BOREHOLE SAMPLE 
NUMBER NUMBER 

BH1087 

BH1187 

BH1287 

BH1387 

BH1487 

BH1587 

BH1687 

BH1787 

BH5787 

BH10870010 
BH10871020 
BH108720CT 
BH108723BR 

BH11870010 
BH118711CT 
BH118714UT 

BH128702CT 
BH128705BR 

BH13870010 
BH138711CT 
BH138714BR 

BH148703Ul 
BH148706CT 
BH148709BR 
BH148708W2 

BH158705 10 
BH15870005 
BH158726BR 

BH168702CT 
BH16870206 
BH168706BR 

BH17870005 
BH 178705CT 
BH178708BR 

BH578704DH 
BH578708OH 
BH57871OUC 
BH578712CT 
BH578714BR 
BH578716DH 
BH578718DH 
BH578720DH 
BH578722DH 
BH578724DH 
BH578726DH 
B H5 787280 H 

CRQL = 330 

SAMPLE 
DEPTH 

( f t )  

0.00 - 10.00 
10.00 - 18.95 
18.95 - 20.00 
23.00 - 25.40 

0.00 - 10.00 
8.70 - 10.70 
13.90 - 17.00 

0.00 - 2.25 
5.25 - 6.50 

0.00 - 10.10 
10.10 - 11.56 
14.56 - 16.20 

2.00 - 2.90 
5.50 - 6.50 
6.50 - 9.00 
7.75 - 8.00 

0.00 - 0.00 
0.00 - 5.00 
24.10 - 25.80 

0.00 - 1.80 
2.00 - 6.00 
6.00 - 6.50 

0.00 - 3.90 
3.90 - 5.25 
8.25 - 8.70 

4.00 - 5.80 
8.00 - 10.00 
10.00 - 12.00 
12.00 - 14.00 
14.00 - 16.00 
16.00 - 18.00 
18.00 - 20.00 
20.00 - 22.00 
22.00 - 24.00 
24.00 - 26.00 
26.00 - 28.00 
28.00 - 30.00 

( S O I L S )  

SAMPLE/BLANK 
DETECTION 
LIMIT RATIO 

33 
33 
33 
33 

33 
33 

1 

1 
1 
1 
1 

33 
33 
33 

33 
33 
33 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

LAB BLANK FACTOR = 1 0  

SAMPLE 
RESULT 
(ug/ kg ) 

1000 
820 
590 
730 

880 
760 
7000 

490.00 
600.00 

1000 
1185 
3500 

150 u 
275 
350 
514 

1000 
1900 
850 

800 
800 
750 

1200 
1300 
1500 

250.00 JB 
480.00 B 
300.00 JB 
250.00 JB 
460.00 B 
590.00 B 

540.00 B 
510.00 B 
280.00 JB 
830.00 B 

1000.00 B 

150.00 JB 

BLANK RESULT 

10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 

1.00 J UG/L 
1.00 J UG/L 

434 UG/KG 

434 UG/KG 
434 UG/KG 
434 UG/KG 
434 UG/KG 

6 J UG/L 
6 J UG/L 
6 J UG/L 

6 J UG/L 
6 J UG/L 
6 J UG/L 

77.00 J UG/KG 
77-00 J UG/KG 
77.00 J UG/KG 
77.00 J UG/KG 
77.00 J UG/KG 
77.00 J UG/KG 
77.00 J UG/KG 
77.00 J UG/KG 
77.00 J UG/KG 
77.00 J UG/KG 
77.00 J UG/KG 
77.00 J UG/KG 

QUAL I F I ED 
RESULT 

( W k g  1 

1000 
820 
590 
730 

880 
760 
1000 

490.00 
600.00 

1 

1000 
1185 U 
3500 

150 u 
275 U 
350 U 
514 U 

1000 u 
1900 U 
850 u 

800 
800 
75 0 

1200 u 
1300 U 
1500 u 

-= 

330 U 
480 U 
330 U 
330 U 
460 U 
590 U 
540 U 
510 u 
330 U 

830.00 
000.00 

330 U 



TABLE 6 (CONTINUED) 
QUALIFIED SOIL RESULTS 

FOR B I S  (2-ETHLYHEXYL) PHTHALATE I N  LABORATORY BLANKS 

BOREHOLE SAMPLE 
NUMBER NUMBER 

BH5887 

BH5987 

BH6187 

BH6287 

BH6387 

BH588700UC 
BH588702CT 
BH588704BR 

BH598704UC 
BH598707CT 
BH598709BR 

BH618707DH 
BH618709CT 
BH618712BR 

BH62870008 
BH62870080 
BH628712CT 
BH628714BR 

BH63870008 
BH638712DH 
BH638718UC 
BH638722CT 
BH638724BR 

CRQL = 330  

SAMPLE 
DEPTH 
( f t )  

0.00 - 1.70 
2.00 - 3.90 
4.00 - 7.10 

2.00 - 3.50 
4.00 - 7.00 
7.00 - 9.80 

6.50 - 9.00 
9.00 - 11.50 
11.50 - 14.00 

0.00 - 8.00 
0.00 - 8.00 

12.50 - 14.00 
14.00 - 16.00 

0.00 - 8.00 
12.00 - 13.70 
18.00 - 18.40 
22.00 - 22.50 
24.50 - 26.00 

SUMMARY OF QUALIFIED SAMPLE RESULTS 

TYPE COUNT 

( S O I L S )  

SAMPLE/BLANK 
DETECTION 
LIMIT RATIO 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 
1 

1 

LAB BLANK FACTOR = 1 0  

SAMPLE 
RESULT 

(ug/ kg 1 

130.00 JB 
85.00 JB 
160.00 JB 

1300.00 B 

1500.00 B 
680.00 B 

120.00 JB 
240.00 JB 
410.00 B 

900 
1400 
91 0 
1300 

200.00 JB 
300.00 JB 
1000.00 B 
1300.00 
1500.00 B 

BLANK RESULT 

77.00 J UG/KG 
77.00 J UG/KG 
77.00 J UG/KG 

360.00 UG/KG 
360.00 UG/KG 
360.00 UG/KG 

77.00 J UG/KG 
160 J UG/KG 
160 J UG/KG 

160 J UG/KG 
160 J UG/KG 

1000.00 UG/KG 
1000.00 UG/KG 
1000.00 UG/KG 

QUALIFIED 
RESULT 
(ug/kg) 

330 U 
330 U 
330 U 

1300 U 
1500 U 
680 u 

330 U 
330 U 
410 U 

900 
1400 
910 
1300 

330 U 
330 U 
1000 u 
1300 U 
1500 u 

. . -- UNDETECTED (U) 42 
d, PRESENT BELOU DETECTION (J) 1 

UNQUALIFIED 47 



TABLE 7 

SOIL GAS SAMPLING QA RESULTS 

---Duplicate--- Half  Half Range 
Location PCE Counts Mean Range as O/O of Mean 

32 
50 
65 
93 
98 

101 
104 
107 
110 
114 
115 
116 
120 
128 
138 
174 

0 0 
209 965 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

155 455 
0 0 
0 1006 

968 1271 
0 0 

176 306 
0 0 
0 0 

0 
587 

0 
0 
0 
0 
0 
0 

305 
0 

503 
1120 

0 
24 1 

0 
0 

0 
378 

0 
0 
0 
0 
0 
0 

150 
0 

503 
152 

0 
65 
0 
0 

0 
64 

0 
0 
0 
0 
0 
0 

49 
0 

100 
14 
0 

27 
0 
0 

Average 89 235 162 73 45 



TABLE 8 
QUALIFIED SOIL RESULTS 

FOR TRICHLOROETHENE IN LABORATORY BLANKS 

CRQL = 5 LAB BLANK FACTOR = 5 

SAMPLE SAMPLE SAMPLE BLANK 
BOREHOLE SAMPLE DEPTH MASS RESULT RESULT 

NUMBER NUMBER (ft) (gm) (ug/kg)  (ug/l) 

BH0187 BH018701UT 0.20 - 1.40 1.0 25.00 U 5.00 U 
BH018704US 4.50 - 5.70 1.0 120 5.00 U 
BH018710US 10.00 - 11.50 1.0 25.00 U 5.00 U 

BH0287 BH02870012 0.00 - 11.80 5.0 5 u  5 u  
BH02871214 11.80 - 14.30 5.0 5 u  5 u  
BH028714CT 12.00 - 14.30 5.0 5.00 U 5.00 U 
BH02871420 14.30 - 20.40 5.0 5.00 U 5.00 U 
BH028718BR 17.90 - 18.60 5.0 5 u  5 u  

BH0387 BH03870204 2.00 - 4.00 5.0 5 u  5 u  
BH038702UT 2.45 - 3.90 5.0 5 u  5 u  
BH038709CT 7.15 - 8.75 5.0 5 u  5 u  
BH038712BR 11.75 - 13.25 5.0 5 u  5 u  

BH0487 BH04870010 0.00 - 10.00 1.0 25.00 U 5.00 U 
BH048710UT 10.30 - 12.80 1.0 25.00 U 5.00 U 
BH048715CT 15.30 - 15.70 1.0 25.00 U 5.00 U 
BH048719BR 19.30 - 20.30 1.0 25.00 U 5.00 U 

BH0587 BH05870005 0.00 - 4.50 5.0 5 u  5 u  
BH058705CT 2.00 - 4.50 5.0 5 u  5 u  
BH058708BR 7.50 - 9.30 5.0 5 u  5 u  

BH0687 BH06870010 0.00 - 10.00 5.0 5 u  5 u  
BH06871020 10.00 - 20.00 5.0 5 u  5 u  
BH068726CT 24.10 - 25.50 5.0 5 u  5 u  
BH068TJOBR 27.00 - 30.00 5.0 5 u  5 u  

BH0787 BH078705CT 4.30 - 4.80 5.0 5.00 U 5.00 U . BH07870510 5.00 - 10.00 5.0 5.00 U 5.00 U 
r' BH078708BR 7.80 - 9.68 5.0 5.00 U 5.00 U 

BH078710US 9.68 - 10.35 5.0 5.00 U 5.00 U 
BH07871013 10.35 - 13.00 5.0 5.00 U 5.00 U 

0 

BH0887 BH08870007 0.00 - 6.10 1.0 25.00 U 5.00 U 
BH088707CT 6.10 - 7.00 1.0 25.00 U 5.00 U 
BH088710BR 10.20 - 12.10 1.0 25.00 U 5.00 U 

BH0987 BH09870010 0.00 - 10.00 5.0 5.00 U 5.00 U 
BH098706UT 6.03 - 6.60 5.0 5.00 U 5.00 U 
BH098711CT 10.08 - 11.30 5.0 5 u  5 u  
BH098714BR 14.30 - 14.75 5.0 5.00 U 5.00 U 

QUAL 1.F I ED 
RESULT 

(ug/kg) 

25.00 U 
120 

25.00 U 

5 u  
5 u  

5.00 U 
5.00 U 

5 u  

5 u  
5 u  
5 u  
5 u  

25.00 U 
25.00 U 
25.00 U 
25.00 U 

5 u  
5 u  
5 u  

5 u  
5 u  
5 u  
5 u  

5.00 U 
5.00 U 
5.00 U 
5.00 U 
5.00 U 

25.00 U 
25.00 U 
25.00 U 

5.00 U 
5.00 U 

5 u  
5.00 U 



FOR 

BOREHOLE SAMPLE 
NUMBER NUMBER 

BH1087 

BH1187 

BH1287 

BH1387 

BH1487 

BH1587 

BH1687 

BH1787 

BH5787 

BH10870010 
BH10871020 
BH108720CT 
BH108723BR 

BH 1 187001 0 
BH118711CT 
BH118714UT 

BH128702CT 
BH128705BR 

BH13870010 
BH138711CT 
BH138714BR 

BH148703Wl 
BH148706CT 
BH148709BR 
BH148708W2 

BH 158705 10 
BH15870005 
BH158726BR 

BH168702CT 
BH16870206 
BH168706BR 

BH17870005 
BH178705CT 
BH178708BR 

BH578704D H 
BH578708DH 
BH578710UC 
BH578712CT 
BH578714BR 
BH57871bDH 
BH578718DH 
BH5 787200 H 
BH578722DH 
BH578724DH 
BH5787260H 
BH578728DH 

TABLE 8 (CONTINUED) 
QUALIFIED SOIL RESULTS 

TRICHLOROETHENE IN LABORATORY BLANKS 

CRQL = 5 LAB BLANK FACTOR = 5 

SAMPLE 
DEPTH 
(ft) 

0.00 - 10.00 
10.00 - 18.95 
18.95 - 20.00 
23.00 - 25.40 

0.00 - 10.00 
8.70 - 10.70 
13.90 - 17.00 

0.00 - 2.25 
5.25 - 6.50 

0.00 - 10.10 
10.10 - 11.56 
14.56 - 16.20 

2.00 - 2.90 
5.50 - 6.50 
6.50 - 9.00 
7.75 - 8.00 

0.00 - 0.00 
0.00 - 5.00 
24.10 - 25.80 

0.00 - 1.80 

2.00 - 6.00 
6.00 - 6.50 

0.00 - 3.90 
3.90 - 5.25 
8.25 - 8.70 

4.00 - 5.80 
8.00 - 10.00 
10.00 - 12.00 
12.00 - 14.00 
14.00 - 16.00 
16.00 - 18.00 
18.00 - 20.00 
20.00 - 22.00 
22.00 - 24.00 
24.00 - 26.00 
26.00 - 28.00 
28.00 - 30.00 

SAMPLE SAMPLE 
MASS RESULT 

(gm) (ug/kg)  

5.0 
5.0 
5.0 
5.0 

1 .o 
1 .o 
1 .o 

5.0 
5.0 

5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5 .o 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .O 
1 .o 
1 .o 
1 .o 
1 .o 

5.00 u 
5.00 u 
5.00 U 
5.00 u 

25.00 U 
25.00 U 
25.00 U 

5.00 u 
5.00 u 

5.00 u 
5 u  

5.00 u 

5 u  
5 u  

5 u  

25.00 U 
25.00 U 
25.00 U 

7.7 

25.00 U 
25.00 U 
25.00 U 

25.00 U 
25.00 U 
25.00 U 

8.00 J 
33.00 
81 .OO 
150.00 
7.00 J 
10.00 J 

7.00 J 
8.00 J 
21.00 J 
25.00 U 
25.00 U 

1.0 25.00 U 

BLANK 
RESULT 

(ug/O 

5.00 u 
5.00 u 
5.00 U 
5.00 u 

5.00 u 
5.00 u 
5.00 U 

5.00 u 
5.00 u 

5.00 u 
5 u  

5.00 u 

5 u  
5 u  
5 u  
5 u  

5.00 U 
5.00 u 
5.00 u 

5.00 u 
5.00 u 
5.00 u 

5.00 U 
5.00 u 
5.00 u 

5.00 u 
5.00 u 
5.00 u 
5.00 u 
2.00 J 
2.00 J 

2.00 J 
2.00 J 
2.00 J 

2.00 J 
2.00 J 
2.00 J 

QUAL If I ED 
RESULT 
(ug/ks) 

5.00 u 
5.00 U 
5.00 u 
5.00 u 

25.00 U 
25.00 U 
25.00 U 

5.00 u 
5.00 u 

5.00 u 
5 u  

5.00 u 

5 u  
5 u  

5 u  
7.7 

25.00 U 
25.00 U 
25.00 U 

25.00 U 
25.00 U 
25.00 U 

25.00 U 
25.00 U 
25.00 U 

8.00 J 

33.00 
81 -00 
150.00 

25 U 
25 U 
25 U 
25 U 
25 U 

25-00 u 
25.00 U 
25.00 U 



FOR 

BOREHOLE SAMPLE 
NUMBER NUMBER 

BH5887 

BH5987 

BH6187 

BH6287 

0 BH6387 

BH588700UC 
BH588702CT 
BH588704BR 

BH598704UC 
BH598707CT 
BH598709BR 

BH618707D H 
BH618709CT 
BH618712BR 

BH62870008 
BH62870080 
BH628712CT 
BH628714BR 

BH63870008 
BH638712DH 
BH638718UC 
BH638R2CT 
BH638724BR 

TABLE 8 (CONTINUED) 
QUALIFIED SOIL RESULTS 

TRICHLOROETHENE IN LABORATORY BLANKS 

CRQL = 5 LAB BLANK FACTOR = 5 

SAMPLE 
DEPTH 

(ft) 

0.00 - 1.70 
2.00 - 3.90 
4.00 - 7.10 

2.00 - 3.50 
4.00 - 7.00 
7.00 - 9.80 

6.50 - 9.00 
9.00 - 11.50 
11.50 - 14.00 

0.00 - 8.00 
0.00 - 8.00 
12.50 - 14.00 
14.00 - 16.00 

0.00 - 8.00 
12.00 - 13.70 
18.00 - 18.40 
22.00 - 22.50 
24.50 - 26.00 

SUMMARY OF QUALIFIED SAMPLE RESULTS 

TYPE COUNT 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

8.00 J 
25.00 U 
7.00 J 

25.00 U 
25.00 U 
25.00 U 

10.00 JB 

9.00 JB 
10.00 JB 

9.00 JB 
10.00 J B  
8.00 JB 
8.00 JB 

8.00 JB 
9.00 JB 
8.00 JB 
9.00 JB 
8.00 JB 

SAMPLE SAMPLE 
MASS RESULT 

(sm) (ug/kg) 

BLANK 
RESULT 

(ug/O 

2.00 J 
2.00 J 
2.00 J 

5.00 U 
5.00 U 
5.00 U 

2.00 J 

2.00 J 
2.00 J 

2.00 J 
2.00 J 
2.00 J 
2.00 J 

2.00 J 
2.00 J 
2.00 J 
2.00 J 
2.00 J 

QUAL I FI ED 
RESULT 
(ug/ks) 

25 U 
25.00 U 

25 U 

25.00 U 
25.00 U 
25.00 U 

25 U 
25 U 
25 U 

25 U 
25 U 
25 U 
25 U 

25 U 
25 U 
25 U 
25 U 
25 U 

-> UNDETECTED (U) 84 
r' PRESENT BELOU DETECTION (J) 1 

UNQUALIFIED 5 



TABLE 9 
QUALIFIED SOIL RESULTS 

FOR N-NITROSODIPHENYLAMINE IN LABORATORY BLANKS 

CRQL = 1600 (SOILS) LAB BLANK FACTOR = 5 

BOREHOLE SAMPLE 
NUMBER NUMBER 

BH0187 

BH0287 

BH0387 

BH0487 

BH0587 

BH0687 

BH0787 

BH0887 

BH0987 

BH018701UT 
BH018704US 
BH018710US 

BH02870012 
BH02871214 
BH028714CT 
BH02871420 
BH028718BR 

BH03870009 
BH038702WT 
BH038709CT 
BH03871 ZBR 

BH04870010 
BH048710WT 
BH048715CT 
BH048719BR 

BH05870005 
BH058705CT 
BH058708BR 

BH06870010 
BH06871020 
BH068726CT 
BH068730BR 

BH078705CT 
BH07870510 
BH078708BR 
BH07871OWS 
BH07871013 

BH08870007 
BH088707CT 
BH088710BR 

BH09870010 
BH098706WT 
BH098711CT 
BH098714BR 

SAMPLE 
DEPTH 

( f t )  

0.20 - 1.40 
4.50 - 5.70 
10.00 - 11.50 

0.00 - 11.80 
11.80 - 14.30 
12.00 - 14.30 
14.30 - 20.40 
17.90 - 18.60 

0.00 - 8.75 
2.45 - 3.90 
7.15 - 8.75 
11.75 - 13.25 

0.00 - 10.00 
10.30 - 12.80 
15.30 - 15.70 
19.30 - 20.30 

0.00 - 4.50 
2.00 - 4.50 
7.50 - 9.30 

0.00 - 10.00 
10.00 - 20.00 
24.10 - 25.50 
27.00 - 30.00 

4.30 - 4.80 
5.00 - 10.00 
7.80 - 9.68 
9.68 - 10.35 
10.35 - 13.00 

0.00 - 6.10 
6.10 - 7.00 
10.20 - 12.10 

0.00 - 10.00 
6.03 - 6.60 
10.08 - 11.30 
14.30 - 14.75 

SAMPLE/BLANK 
DETECTION 
LIMIT RATIO 

33 
33 
33 

1 
1 
33 
33 
1 

33 
33 
33 
33 

33 
33 
33 

33 
33 
33 
33 

33 
33 
33 
33 
33 

33 
33 
33 

33 
33 
1 
33 

SAMPLE 
RESULT 

(ug/kg) 

1600.00 U 
1600.00 U 
1600.00 U 

350 U 
350 U 

1600.00 U 
1600.00 U 

350 U 

10 u 
10 u 
10 u 
10 u 

1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 

10 u 
10 u 
10 u 

10 u 
10 u 
10 u 
10 u 

1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 

1600.00 U 
1600.00 U 
1600.00 U 

1600.00 U 
1600.00 U 

350 U 
1600.00 U 

BLANK RESULT 

10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 

350 U UG/KG 
350 U UG/KG 

10.00 U UWL 
10.00 U UG/L 
350 U UG/KG 

10 U UG/L 
10 U UG/L 
10 U UG/L 
10 U UG/L 

10 U UG/L 
10 U UG/L 
10 U UG/L 

10 U UG/L 
10 U UWL 
10 U UG/L 
10 U UG/L 

10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 
10.00 u UC/L 

10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 

10.00 U UG/L 
10.00 U UG/L 
350 U UG/KG 

10.00 U UG/L 

QUAL1 FIEC 
RESULT 
(ug /kg)  

1600.00 U 
1600.00 U 
1600.00 U 

350 U 
350 U 

1600.00 il 
1600.00 U 

350 U 

10 u 
10 u 
10 u 
10 u 

1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 

10 u 
10 u 
10 u 

10 u 
10 u 
10 u 
10 u - 

1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 

1600.00 U 
1600.00 U 
1600.00 U 

1600.00 U 
1600.00 U 

350 U 
1600.00 U 



TABLE 9 (CONTINUED) 
QUALIFIED SOIL RESULTS 

FOR N-NITROSODIPHENYLAMINE IN LABORATORY BLANKS 

CRQL = 1600 (SOILS) LAB BLANK FACTOR = 5 

SAMPLE SAMPLE/BLANK SAMPLE QUAL I F IEO 
BOREHOLE SAMPLE DEPTH DETECTION RESULT RESULT 

NUMBER NUMBER ( f t )  LIMIT RATIO (ug/kg) BLANK RESULT (ug/ kg 1 

1600.00 U 10.00 U UG/L 
1600.00 U BH10871020 10.00 - 18.95 33 1600.00 U 10.00 U UG/L 

BH108720CT 18.95 - 20.00 33 1600.00 U 10.00 U UG/L 1600.00 U 
BH108723BR 23.00 - 25.40 33 1600.00 U 10.00 U UG/L 1600.00 U 

BH1087 BH10870010 0.00 - 10.00 33 1600.00 U 

BH1187 BH11870010 0.00 - 10.00 
BH118711CT 8.70 - 10.70 
BH118714UT 13.90 - 17.00 

1600.00 U 
1600.00 U 
1600.00 U 

1600.00 U 
1600.00 U 
1600.00 U 

BH1287 BH128702CT 0.00 - 2.25 33 1600.00 U 10.00 U UG/L 1600.00 U 
BH128705BR 5.25 - 6.50 33 1600.00 U 10.00 U UG/L 1600.00 U 

BH1387 BH13870010 0.00 - 10.10 1600.00 U 1600.00 U 
BH138711CT 10.10 - 11.56 1 350 U 350 U U W K G  350 U 
BH138714BR 14.56 - 16.20 1600.00 U 1600.00 U 

BH1487 BH148703Ul 2.00 - 2.90 1 350 U 350 U UG/KG 350 U 
BH148706CT 5.50 - 6.50 1 350 U 350 U UG/KG 350 U 
BH148709BR 6.50 - 9.00 1 350 U 350 U UG/KC 350 U 
BH148708W2 7.75 - 8.00 1 350 U 350 U UG/KG 350 U 

a 
BH1587 BH15870510 0.00 - 0.00 33 1600.00 U 10.00 U UG/L 1600.00 U 

BH15870005 0.00 - 5.00 33 1600.00 U 10.00 U UG/L 1600.00 U 
BH158726BR 24.10 - 25.80 33 1600.00 U 10.00 U UG/L 1600.00 U 

1600.00 U 
BH16870206 2.00 - 6.00 1600.00 U 1600.00 U 

1600.00 U BH168706BR 6.00 - 6.50 1600.00 U 

BH1687 BH168702CT 0.00 - 1.80 1600.00 U 

-= 

BH1787 BH17870005 0.00 - 3.90 33 1600.00 U 10.00 U UG/L 1600.00 U 
? BH178705CT 3.90 - 5.25 33 1600.00 U 10.00 U UG/L 1600.00 U 

10.00 U UG/L 1600.00 U a BH178708BR 8.25 - 8.70 33 1600.00 U 

BH5787 BH578704DH 
BH578708D H 
BH578710UC 
BH578712CT 
BH578714BR 
BH578716DH 
BH5787180 H 
BH57872OOH 
BH578722DH 
BH578724OH 
BH578726DH 
BH5787280 H 

4.00 - 5.80 
8.00 - 10.00 
10.00 - 12.00 
12.00 - 14.00 
14.00 - 16.00 
16.00 - 18.00 
18.00 - 20.00 
20.00 - 22.00 
22.00 - 24.00 
24.00 - 26.00 
26.00 - 28.00 
28.00 - 30.00 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1600.00 U 
160.00 J 

1600.00 U 
45.00 J 
77.00 J 
36.00 J 
130.00 J 
38.00 J 
140.00 J 

52.00 J 
120.00 J 
77.00 J 

1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 
1600.00 U 

UG/KC 
UWKC 
UG/KG 
UG/KC 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
U W K G  
UG/KC 
UG/KG 
UG/KG 

1600.00 U 
160.00 J 
1600.00 U 
45.00 J 

77.00 J 
36.00 J 
130.00 J 
38.00 J 
140.00 J 

52.00 J 
120.00 J 
77.00 J 



T A B L E  9 ( C O N T I N U E D )  
Q U A L I F I E D  S O I L  R E S U L T S  

F O R  N - N I T R O S O D I P H E N Y L A M I N E  I N  LABORATORY BLANKS 

C R Q L  = 1600 ( S O I L S )  LAB BLANK F A C T O R  = 5 

SAMPLE SAMPLE/BLANK SAMPLE QUAL I F IED 
BOREHOLE SAMPLE DEPTH DETECT ION RESULT RESULT 

NUMBER NUMBER (ft) LIMIT RATIO (ug/kg) BLANK RESULT (ug/kq) 

BH5887 BH588700UC 0.00 - 1.70 1 97.00 J 1600.00 U UG/KG 97.00 J 
BH588702CT 2.00 - 3.90 1 84-00 J 1600.00 U UG/KG 84.00 J 
BH588704BR 4.00 - 7.10 1 1600.00 U 1600.00 U UG/KG 1600.00 U 

BH5987 BH598704UC 
BH598707CT 
BH598709BR 

BH6187 BH618707DH 
BH618709CT 
BH618712BR 

BH6287 BH62870008 
BH6287008D 
BH628712CT 
BH628714BR 

BH6387 BH63870008 0 BH638712DH 
BH638718UC 
BH638722CT 
BH638724BR 

2.00 - 3.50 
4.00 - 7.00 
7.00 - 9.80 

6.50 - 9.00 
9.00 - 11.50 
11.50 - 14.00 

0.00 - 8.00 
0.00 - 8.00 
12.50 - 14.00 
14.00 - 16.00 

0.00 - 8.00 
12.00 - 13.70 
18.00 - 18.40 
22.00 - 22.50 
24.50 - 26.00 

SUMMARY OF QUALIFIED SAMPLE RESULTS 

TYPE COUNT 

66.00 JB 
56.00 JB 

1600.00 U 

1600.00 U 
100.00 J 
89.00 J 

1600 U 

6 4 5  

62 J 
94 J 

43.00 J 
78.00 J 
54.00 JB 
40.00 
53.00 JB 

68-00 J UG/KG 
68.00 J UG/KG 
68.00 J UG/KG 

1600.00 U UG/KG 
1600 U UWKG 
1600 U UG/KG 

1600 U UG/KG 
1600 U UG/KG 

110.00 J UWKG 
110.00 J UG/KG 
110.00 J UG/KG 

1600 U 
1600 U 

1600.00 U 

1600.00 U 

100.00 J 
89.00 J 

1600 U 

64 J 
62 J 
94 J 

43.00 J 
78.00 J 
1600 U 
1600 U 
1600 U 

UNDETECTED (U) 71 
I PRESENT BELOU DETECTION (J) 19 

UNQUALIFIED 0 



TABLE 1 0  
QUALIFIED S O I L  RESULTS 

FOR DI-N-BUTYL PHTHALTE I N  LABORATORY BLANKS 

CRQL = 330 (SOILS) LAB BLANK FACTOR = 10 

OUAL I FIE0 
RESULT 
(ug/kg) 

SAMPLE SAMPLE/BLANK SAMPLE . 
BOREHOLE SAMPLE DEPTH DETECTION RESULT 
NUMBER NUMBER ( f t )  LIMIT RATIO jug/kg)  BLANK RESULT 

BH0187 BH018701WT 0.20 - 1.40 33 330.00 U 10.00 U UG/L 
BH018704WS 4.50 - 5.70 33 330.00 U 10.00 U UG/L 
BH018710WS 10.00 - 11.50 33 330.00 U 10.00 U UG/L 

330.00 U 
330.00 U 
330.00 U 

BH0287 BH02870012 0.00 - 11.80 1 3643 100 U U W K G  
BH02871214 11.80 - 14.30 1 3133 100 U U W K G  
BH028714CT 12.00 - 14.30 33 330.00 U 10.00 U UG/L 
BH02871420 14.30 - 20.40 33 43.00 J 10.00 U UG/L 
BH028718BR 17.90 - 18.60 1 3190 100 U UG/KG 

3643 
3133 

330.00 U 
43.00 J 
3190 

33 10 u 2 J UG/L BH0387 BH03870009 0.00 - 8.75 
33 10 u 2 J UG/L BH038702WT 2.45 - 3.90 

BH038709CT 7.15 - 8.75 33 10 u 2 J UG/L 
BH038712BR 11.75 - 13.25 33 10 u 2 J UG/L 

10 u 
10 u 
10 u 
10 u 

BH0487 BH04870010 0.00 - 10.00 
BH048710WT 10.30 - 12.80 
BH048715CT 15.30 - 15.70 0 BH048719BR 19.30 - 20.30 

330.00 U 
330.00 U 
330.00 U 
330.00 U 

330.00 U 
330.00 U 
330.00 U 
330.00 U 

BH0587 BH05870005 
BH058705CT 
BH058708BR 

0.00 - 4.50 
2.00 - 4.50 
7.50 - 9.30 

33 
33 

33 

10 u 
10 u 
10 u 

2 J UG/L 
2 J UG/L 
2 J UG/L 

10 u 
10 u 
10 u 

BH0687 BH06870010 
BH06871020 
BH068726CT 
BH068730BR 

0.00 - 10.00 
10.00 - 20.00 
24.10 - 25.50 
27.00 - 30.00 

33 
33 
33 
33 

10 u 
10 u 
10 u 
10 u 

2 J UG/L 
2 J UG/L 
2 J UG/L 
2 J UG/L 

10 u 
10 u 
10 u 
10 u 

4 

330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 

BH0787 BH078705CT 
BH07870510 

r' BH078708BR 
BHO7871OUS 
BH07871013 

t 

4.30 - 4.80 
5.00 - 10.00 
7.80 - 9.68 
9.68 - 10.35 
10.35 - 13.00 

33 
33 
33 
33 
33 

330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 

10.00 U UWL 
10.00 U UG/L 
10.00 U U W L  
10.00 U UG/L 
10.00 U UG/L 

BH0887 BH08870007 
BH088707CT 
BH088710BR 

0.00 - 6.10 
6.10 - 7.00 
10.20 - 12.10 

33 
33 
33 

33 
33 
1 

33 

$ 

330.00 U 
330.00 U 
330.00 U 

10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 

330.00 U 
330.00 U 
330.00 U 

BH0987 BH09870010 
BH098706WT 
BH098711CT 
BH098714BR 

0.00 - 10.00 
6.03 - 6.60 
10.08 - 11.30 
14.30 - 14.75 

330.00 U 
35 J 

1493 
330.00 U 

10.00 U UG/L 
10.00 U UG/L 
100 U UG/KG 

10.00 U UG/L 

330.00 U 
35 J 

1493 
330.00 U 



TABLE 1 0  (CONTINUED)  
Q U A L I F I E D  S O I L  RESULTS 

FOR DI-N-BUTYL PHTHALTE I N  LABORATORY BLANKS 

BOREHOLE SAMPLE 
NUMBER NUMBER 

BH1087 

BH1187 

BH1287 

BH1387 

BH1487 

BH1587 

BH1687 

BH1787 
t 

I 

8H5787 

BH10870010 
BH10871020 
BH108720CT 
BH108723BR 

BH11870010 
BH118711CT 
BH118714UT 

BH128702CT 
BH128705BR 

BH13870010 
BH138711CT 
BH138714BR 

BH148703Ul 
BH148706CT 
BH148709BR 
BH148708U2 

BH15870510 
BH15870005 
BH158726BR 

BH168702CT 
BH16870206 
BH168706BR 

BH17870005 
BH178705CT 
BH178708BR 

BH578704D H 
BH5787080H 
BH578710UC 
BH578712CT 
BH578714BR 
BH578716DH 
BH578718DH 
BH578720DH 
BH5 7872213 H 
BH5787240H 
8 H5787260 H 
B H578728D H 

CRQL = 330 

SAMPLE 
DEPTH 

( f t )  

0.00 - 10.00 
10.00 - 18.95 
18.95 - 20.00 
23.00 - 25.40 

0.00 - 10.00 
8.70 - 10.70 
13.90 - 17.00 

0.00 - 2.25 
5.25 - 6.50 

0.00 - 10.10 
10.10 - 11.56 
14.56 - 16.20 

2.00 - 2.90 
5.50 - 6.50 
6.50 - 9.00 
7.75 - 8.00 

0.00 - 0.00 
0.00 - 5.00 
24.10 - 25.80 

0.00 - 1.80 
2.00 - 6.00 
6.00 - 6.50 

0.00 - 3.90 
3.90 - 5.25 
8.25 - 8.70 

4.00 - 5.80 
8.00 - 10.00 
10.00 - 12.00 
12.00 - 14.00 
14.00 - 16.00 
16.00 - 18.00 
18.00 - 20.00 
20.00 - 22.00 
22.00 - 24.00 
24.00 - 26.00 
26.00 - 28.00 
28.00 - 30.00 

( S O I L S )  

SAMPLE/BLANK 
DETECTION 
L I M I T  RATIO 

33 
33 
33 
33 

33 
33 

1 

1 
1 
1 
1 

33 
33 
33 

33 
33 
33 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

LAB BLANK FACTOR = 1 0  

SAMPLE 
RESULT 

(us/ks) 

330.00 U 
330.00 U 
330.00 U 
330.00 U 

330.00 U 
330.00 U 
330.00 U 

330.00 U 
330.00 U 

330.00 U 
2016 
41 J 

1375 
2424 
2702 
2059 

330.00 U 
330.00 U 
330.00 U 

330.00 U 
330.00 U 
330.00 U 

330.00 U 
330.00 U 
330.00 U 

330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 

BLANK RESULT 

10.00 U UG/L 
10.00 U UG/L 
10.00 U U W L  
10.00 U UG/L 

10.00 U UG/L 
10.00 U UG/L 

100 U UG/KG 

100 U UG/KG 
100 U UG/KG 
100 U UG/KG 
100 U UG/KG 

10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 

10.00 U UG/L 
10.00 U UG/L 
10.00 U UG/L 

330.00 U UWKG 
330.00 U UWKG 
330.00 U UG/KG 
330.00 U UG/KG 
330.00 U UG/KG 
330.00 U UG/KG 
330.00 U UG/KG 
330.00 U U W K G  
330.00 U UG/KG 
330.00 U UG/KG 
330.00 U UG/KG 
330.00 U UG/KG 

QUAL1 FIED 

RESULT 
(ug/kg) 

330.00 U 
330.00 U 
330.00 U 
330.00 U 

330.00 U 
330.00 U 
330.00 U 

330.00 U 
330.00 U 

330.00 U 
2016 
41 J 

1375 
2424 
2702 
2059 

330.00 U 
330.00 U 
330.00 U 

330.00 U 
330.00 U 
330.00 U - 
330.00 U 
330.00 U 
330.00 U 

330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 
330.00 U 



TABLE 1 0  (CONTINUED) 
Q U A L I F I E D  S O I L  RESULTS 

FOR DI-N-BUTYL PHTHALTE I N  LABORATORY BLANKS 

BOREHOLE SAMPLE 
NUMBER NUMBER 

BH5887 

BH5987 

BH6187 

BH6287 

BH6387 

BH588700UC 
BH588702CT 
BH588704BR 

BH598704UC 
BH598707CT 
BH598709BR 

BH6 1 8707D H 
BH618709CT 
BH618712BR 

BH62870008 
BH6287008D 
BH628712CT 
BH628714BR 

BH63870008 
BH638712DH 
BH638718UC 
BH638722CT 
BH638724BR 

CRQL = 330 

SAMPLE 
DEPTH 
( f t )  

0.00 - 1.70 
2.00 - 3.90 
4.00 - 7.10 

2.00 - 3.50 
4.00 - 7.00 
7.00 - 9.80 

6.50 - 9.00 
9.00 - 11.50 
11.50 - 14.00 

0.00 - 8.00 
0.00 - 8.00 
12.50 - 14.00 
14.00 - 16.00 

0.00 - 8.00 
12.00 - 13.70 
18.00 - 18.40 
22.00 - 22.50 
24.50 - 26.00 

SUMMARY OF QUALIFIED SAMPLE RESULTS 

TYPE COUNT 

(SOILS) 

SAMPLE/BLANK 
DETECT ION 
LIMIT RATIO 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 
1 
1 

LAB BLANK FACTOR = 1 0  

SAMPLE 
RESULT 
(ug/kg) 

330.00 U 
60.00 J 
650.00 

330.00 U 
330.00 U 
330.00 U 

280.00 J 
120.00 J 
48.00 J 

43 J 
38 J 

330 U 
260 J 

330 U 
39.00 J 
330 U 

43.00 JB 
330 U 

. 
BLANK RESULT 

330.00 U UG/KG 
330.00 U UG/KG 
330.00 U UC/KG 

330.00 U UG/KG 
330.00 U UG/KG 
330.00 U UG/KG 

330.00 U UG/KG 
330 U UG/KG 
330 U UWKG 

330 U UG/KG 
330 U UG/KG 

51.00 J UG/KG 
51.00 J UG/KG 
51.00 J UG/KG 

QUAL1 FIED 
RESULT 
(ug/kg 1 

330.00 U 
60.00 J 
650.00 

330.00 U 
330.00 U 
330.00 U 

280.00 J 
120.00 J 
48.00 J 

43 J 
38 J 
330 U 
260 J 

330 U 
39.00 J 
330 U 
330 U 
330 U 

c 

UNDETECTED (U) 69 
d PRESENT BELOW DETECTION ( J )  1 1  

UNQUALIFIED 10 
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TABLE 21 

0 

MAXIMUM POTENTIAL CARCINOGENIC RISK* 
AND HAZARD INDICES FOR 

COMMON LABORATORY ORGANICS 
DETECTED IN GROUNDWATER 

Maxim u rp* Carcinogenic Hazard 
CornDound Concentration j u ~ l l )  - Risk Index 

Acetone 120 NC 0.068 

2-Butanone 22 NC 0.025 

Methylene Chloride 48 2 . 2 6 ~  1 O-' 0.046 

Toluene 67 NC 0.0 13 

* Risk based on drinking water and showering. 

** Maximum Concentration Observed 

NC = Noncarcinogenic compound 

c 



TABLE 22 

0 

SOUTH INTERCEPTOR DITCH SURFACE WATER ANALYSES 

(in pCi/l) 
OF URANIUM-238 AND URANIUM-234 

Surface Water 
Sample u238 u234 

SW-36 3521.9 6.9 150.86 

sw-35 0.8 420.4 8 1 .S 1 50.55 

SW-66 2.720.30 2.1~0.26 

sw-45 4.420.7 4 5.850.8 2 

SW-46 3.925.8 . 4.620.66 

, 



ATTACHMENT B 

BOREHOLE SAMPLING 
ORGANIC RESULTS 

Responses to EPA Comments on the Draft 881 Hillside RI/FS Report Dated 3/1/88 
24 February 1989 Attachment B 



. 

-= 



- a a a  

" Z O O  

L 
0 
W 

- 
ul 
U 
5 
r( 
L 
A 
Y 
u 
0 * - 
rl 
r) 
0 
3 
Y 
0 
0 * 
U 
a 
0 
0) 
r) 
0 c 
9) 
L 
0 
m 

a a a a  
. n . n m . n  

al 
r( 
4 
Y 
6 
d 
0 > 
0) 
d 
0 c 
al 
L 
0 
m 

1 



u s 
(P $1 



3 
0 ) u  
4 0  
* a  u 
m u  
4 s  
0 
* m  

a 
a d  
4 0  o s  
C r n  
r n L  
L O  
o m  m 

a = = =  

0 8 8 8  



k 
0 -  
U I  

e 
E- I! -i 



5 3  
Y 

0 , u  d o  
r c d  
c, 
6 L ,  
r l m  
0 
> m  

0) 
a r l  
d o  o s  
s o 1  
a l k  
L O  
o m  
m 

r' 

--. 



Ll 
0 
W 

- 
m 
c, 
6 
l-i 
lu 

>1 
Y 
0 
0 
d 

l4 
r( 

- 
: 
X 
u 
0 
d 
e, 
m 
Ip 
W 
4 
0 c 
W 
I4 
0 
m 

m 
L) 

0 
4 

al 
4 
4 
e, 
6 
4 
0 > 
W 
l-i 
0 
.c 
m 
Ll 
0 
m 



0 

. 

Ll 
0 
W 

m 
u 
d 
1 
al 
d 

U 

m 

rl 
Q) 
3 
Y 
V 
0 
d 

0 
2 . a  

Q) 
Q r l  I 



. 

1 
m 
Q) 
cr: 

I 

V 
rl 
E 
6 
b 
bl 
0 

0) 
d 
4 
U 
m 

9) 
d 
0 
c 
0 
bl 
0 
m 

.. 
f 

4 



. 

I 

+ 
0 3  

3 5 
P 

0 - Q O  ? ? S ?  
I , , ,  

? ? ? ?  
ooc1.n 

* 

& 

T 





- -  
T i -  .;; 
O %  
a 0  d o  
T i d  

y I . n h - s )  
"PI 

a h  
& O  
o m  
m 

-= 

m 



m 
Y 
4 
1 
m 
al 
& 

U 
I( 
c m 
b 
k 
0 
al 
rl 
4 u m 
rl 
0 > 
0 
4 
0 
c 
Q) 
k 
0 
m 

m 
L1 
6 
r-i 
a 
A 
Y u 
0 
d 

r-i 
F 4  
0 
3 r 
0 
0 

o?. 

U 
6 

a 
0 
rl 
0 c 
al 
k 
0 

- 

m 



O I  b 





bi 
0 
W 

rn 
U 
I 4  

ul 
0 
a 
u 

a 

& 
0 



I 

I . 3  
X 

1 
i 



I 

LI 
0 
w 

m 
U 
rl 
5 
m 
W 
oc 

i: 
L 

0 
oc 

rl 

- 0 

ig, 
g3 
L O  

rl 

Y 
u 
0 * 
: 

U 
5 

- 1  

m -  i $5 



4 
0 c 
Q 
$4 
0 
m 

c, 
6 

m 
Q 

a a  

51s 

a a  

3 8  



0 2  
Y 

9 ) v  
4 0  
r c d  

a b l  
b l o  
o m  
a 

a a  

.nu3 e4n 

c .- 

E 

c 
z 

- 2  

.- 
A 

* 

7 



k 
0 
U 

X o u  
4 0  



s a = a a  a a z E  
a a a =  

0 0 0 0  

4 0  
u o  
6 &  
rl 
o u  
> 6  
4 
E r n  
a l a  
m r ,  

0 
a l c  
r , a l  
O b  c o  
a m  
b4 
0 
m 

s a = = =  
53233 

"l .- 
e 

n 
n 



a a a a  
= i a a 3 = =  = 

a a a a a  

0 0 0 0 0  

& 
0 
w 
m 

a 
m 

c, 
rl 

0 rz 
0 
rl 
E 
Q 
0 
k 
0 
0 
r( 
rl u 
a 
r( 
0 > 

a a a a  

= a a a  = i a a a a a  a z z a a  

k 
0 m n 

n 
.- 



i 



n 
n 
.- 



n 
n 
.- n 



a a a a  

' a 2 2 5  

I n 
n 
- n 

n m 
.- .- 



a a a a a  

0 0 0 0 0  

= a a a a  

0 0 0 0 0  
rl 
0 0  
> 5  
4 s :  
r n r l  

0 
a l s  
r ( w  
o b 4  
G O  
w m  
b4 
0 
m 

\ 

4' 

n 
"7 
.- 



-4 o u  
3 6  
.d 

n .- 
.,I ,. 

a a a a  
4 z 

.,I 

-= 

e ". .- 



. - 1  !5 

I Y 

c 
.C 

E r n  
a Q ,  
m r ,  

n 

a 
X 
& &. 

.n Y 

t 

P 



al 
rl 
4 
U 
m 
rl 
0 
s 
4 
E 
al 
m 

al 
A 
0 
.c 
al 
k 
0 
a 

-. 

X 
V + I  Q - 

.- 
I - - 
E .- 

P 
L 



rl 
O L ,  
$ 6  

bl 
0 
a 

f 

a a a a a a  

w n E z  



t 
m 



.. 
0 
m 



!4 
0 
W 

a a a  
4 

& 
0 
m n n .- 

F 



L 
0 
%l 

I 

f 
0 

Y 

E 
u L e 

O W W W R  

a 
1: 
- 

"l 

"l 
.- .n 

"l 
.- n .- 

I 

5 
u 
L e 

f 
F 
Y " 
Y 
0 

31 
ggl 
X J  P 

2 

I 

h 



Ll I 

--$ 

d 
U 
6 
r( 
0 > 

X 
0 
0 
d 

Y 

f 
E 
Ip 

0) 
rl 
0 
c 
0 
Ll 

L 
0 
m 

0 
m 

I I 

E 
u L P- 



m 
JJ 
6 
rl 

h 
X 
V 
0 
L - 
rl 
rl 
m 
3 
X 
0 
0 n: 
U 
6 

m 
m 
rl 
0 s 
L 
0 
m 



E W I  
a l a  
V I 4  

a 
a 2  
d a l  
o b 4  s o  
a m  
I4 
0 
m 

- 
0 

E 



bl 
0 
Y( 

i 

4 . 1  I "  +/ 
r; 'Z 

s 
- c  L U  

4.5 

1 e 



I 

z z z a a  

& 
0 
W 

01 
c, 
4 
7 

al 
Y 

m 
0, w 4 4  - m c )  

s a a = =  
4 4 4 4  

V 
rl 
C a a=.= 

0 
i 

E 
u 
D 

a = a a  

znzz U 
6 m 

L 
0 
m - 

E 
u L 0 , .d 

s 



I 

Ll 
0 
w 

m 
U 
tt 
3 

W 
d 

V 
Ti c 

m 

m 
U 
6 
r-l 
t, 

$. 
X 
V 
0 
e4 - 
4 
tt 

Y 
V 
0 n: 
U 
6 

f 

m 
al 
tt 
0 c 
W 
bl 
0 
m 

= a = =  

A/ . "  . L  .- 
F I -  

tt 
0 
3 
*I 
E 
W 
cn 
al 
rl 
0 

al 
bl 
0 

c 

m -= n .- 

I 

i 

I 



& 
0 
w 

m 
L) 
rl 
1 
m 
al * 
V 
r( 
C 
6 - 
D 
L4 
0 

W 
d 
4 
U 
6 
FI 
0 > 
4 .. 

E 
m 
Q) 
rl 
0 c 
al 
L4 
0 
P 

A 

0 
L) 

4 
e, 

>I x 
u 
0 
a 

r( 
rl 
9) 
3 x 
V 
0 
a 
e, 
6 

m 
W 
r( 
0 c 
al 
& 
0 
m 

m 

- 'i & 5  



n .- 



- El 
c -  
d +  tj 

-- 

"-e.- 
8 8 8 8  

L c u  

i 3  



I 
X 

v u  d o  
G f z  
m -  

e r n  
a l a  
r n d  

0 
a &  
d o )  
O h  
c o  
a m  

i 



k 
0 
u 
rn 
L, 

. 

. .  
1 
cn 
9) 
cr: 
U 
rl 
C 

al 
r( 
rl 
L) 
6 
4 
0 > 

al 
rl 

'0 c 
a, 
I4 
0 m 

A 
x 
U 
0 
s 

r) 

- 
P I  
Q 
3 
Y u 
0 
L 

U 
6 

m 
9) 
rl - i 
n 'f 1 



I 

d 
d 
'0 

. 

a a  

5 z  

m 
r n d  

0 
9 , s  
d a l  
O h  
c o  
a l a  
L 
0 
m E 

u L P 



I 

m 
a 

d 
0 > 
r( 
E 
a 
VI 

a 
rl 
0 
.c 
0) 
b4 
0 
m 

. 
i,. 

(u 

l-l 
(D 
3 
X 
0 I 

I 

3 5  

z 4  o cI 

- 
E 
u L L 

CD 

t - 



L 
0 
w 

ln 
U 
4 
Y 
m 
al 
L 
U 

.I4 c. 
6 
D 
L 
0 
i 

4 
rl 
U 
m 
rl 
0 > 
.rl 
E 
al 
v) 

al 
d 
0 
c 
0) 
& 
0 
m 

m 
U 
m 
r( 
b 

>r 
X 
V 
0 
L - 
rl 
rl 
0 
3 
X 
0 
0 
0: 

U 
6 

m 
al 
rl 
0 c 
al 
L 
0 
m 

* 

L 



1 e .- e/ 
N ?g 

I c 
I 

Y 

E 
i, 

s 



0 

1, 
0 
w I 

m r u  



0 a a  

a s  
D S  

. 

I 

f 
0 

6 

f 
f 

c .- 
H 
E a a  

45: 
0 -  

r( 
o u  
> 6  

I 
P) 

F I  
0 c: 
a 

- .- 
I .- - 

f L 
0 
m 

& 
0 
a 8 - - -  

P - 
E " 
0 

P 
L - 
E 

Y " 3  0 

P 

F 
2 
L 

P 0 
9 



I 

I . a  

k 
0 
P 

i 

a 
-= - 

E 

P 

. 



Lc 
0 
u 
m 
U 
r( 
I 
m 
a, - 
d 

V 
-4 
E 

0 
0: 
U 
6 

. 

El 

c 
v c 

0 

t 



& 
0 
u 
m 
U 
r( 

m 
0 
d 
0 
.rl 
C 

a 

J 
4 
-A 
4J 
6 

al 
r( 

0 c 
P, 
bl 
0 
a 

P 

P 



. 

ATTACHMENT C 

GEOLOGIC LOGS AND 
WELL CONSTRUCTION SUMMARIES 

? 

Responses to E P A  Comments on the Draft 881 Hillside RI/FS Report Dated 3/1/88 
24 February 1989 Attachment C 



WELL SUMMARY J 10K 

Well Name: :J - 10 - 81 

E lev .  of Ground: Elev. of Top o f  Casing: 

Coordinates : 

Date of Construction: Constructed By: 

Available Information 

Geologic Log: No, Probably a i l  Q,, Geophysical Log: iJo 
d 

Construct1 on Detai 1 s : N O  Permeabi 1 i t y  Test: Y e s  

Water Level Data: 1 8 . 6 3 '  0 13:19 Water Quality Data: 
3 / 2 1 / 8 5  

Condition o f  Surface 

Internal Casinq 

Materi a1 : Schedule 43 PVC 

5 'I Internal Diameter: 

Outside Df ameter: G "6" 

Total Depth: 31 .51 '  

Stick-Up: 2 .11 '  

Condi ti on : good 

Protect4 ve Casinq 

Materi a1 : 

Internal Diameter: 

Outside Diameter: 

Total Depth: 

S t i  Ck-Up : 

Locked: 130, PVC sli? on cap 

Condition: 

Surface Seal : 3arth . _ _  



W E U  SUMMARY J l O K  

0 

Elev. of Ground:  

Coordinates : 

Date of Construction: 

Elev. o f  Top o f  Casing: 

Constructed By : 

Available Information 

Geologic Log: ~?robablY all '2, Geophysical Log: ii o 

Construction Detai 1 s : :J 0 

Water Level Data: 23-88' @ 1 3 ~ 1 2  

Pe m a  b i  1 i t y  Test : 

Water Quality Data: 
3/21/85 

Condition o f  Surface 

Internal Casi nq 

Internal Diameter: 5 I' 

6 5 1 3  I I  Outside Diameter: 

Total Depth: 24.73 TOC 

Stick-Up: 2 . 5 3  from concrete ?ad 

Condition: Good, !?ell  liane on fence post  2nd s:enci?ed on case 

Protect1 ve Casing - 
Materi a1 : None 

Internal Dfameter: 

Outs1 de D i  ameter: 

Total Depth: 

Stick-Up : 

Locked: No, s l i p - o n  csp (PL7C) 

Condi ti on : 

Surface Seal : 1s" s q .  . <concrete pad ~ o o d  _. , 



WELL 70-86 

WELL CONSTRUCTION SUMMARY 
5929.79 ' 
5931.85 ' LOCATION or COORDS: ELEVATION: GROUND L M L  

E 1 8 8 8 9 . 1  N 34515.4 TOPOF CASING 

' 0  

- 2  

' I ,  

- 6  

- 8  

10 

-1 2 

-14 

CON!XRUCTlON TIME LOG: 
I START 

3RILLlNG SUMMARY: 

TOTAL DEPTH Well: 7.90' Hole: 12.60' 
BOREHOLE DIAMETER 7!?' 

FINISH 
TASK - 

DRILLING: 

T M  

1135 DRILLER Bovles Brothers Drilling Co. 
15865 W. 5th Avenue 
Golden, CO (Tow Robinson) 

RIG Acker 
BIT(S1 Blade bit 

DRILLING FLUID 

SURFACE  CASING^'' x 4' steel w/ Lockinp 
CaD 

WELL DESIGN: 

BASIS: GEOLOGIC LOG x GEOPifYSlCPs LOG - 
CZSlNG STXING(S): C-CASING S=SCREEN 
0.00' 2.36' C1 - 
2.361 7.90' S1 - 
- -- --- 
- -- - -- - - - -- - -- - - - -- - -- 

1-1- 
CASING: 

2" st- 9/251408 9/25 1410 L a 

n a 
L 

-- 
CE M ENTl NO: 9/25 1425 

OTHER: 

9/25 1405 

9/25 
9 I25 
1012 

9 125 
9 125 

- 
- 

1420 
1429 
0900 

1425 
1408 - 

1-l- 
WELL DEVELOPMENT 

See Well Developnt S m r y  Sheet. 

SCREEN: S I  2" I.D. Sch. 5 t w  316 stain- 
less steel, threaded and flush 
jointed, 0.010" wirewrau scree1 
0.25' welded bottm cap. 

CENTRALIZERS 304 stainless steel 

COMMENTS: 

Water encountered at 3.4' during drilling. 

TOP of stainless steel cas in~:  2 . 0 6 '  - 16 
I- 
V w 
'3 
0 
K 
n 

FIL~ER MATERICL 32-42 silica sand 
2.00' - 8.00' 

CEMENT Portlad TWe 1 
0.00' - 1.60' 

OTHER 318'' bentonite wllle t S  
'18 

- 20 CONSULTING HYDROLOGISTS-GEOLOGISTS 



0 

I 

I 

I 

I- 
V u 
-J 
0 n 
n 

0 

WELL or OAT€ 70-86 

WATER LEVEL DATA 
WELL LOCATION MEASURING POINT TOP of casing: Stick up: 2 -06 

N 3 4 5 1 5 . 4  E 18889.1 Total depth of well below P.s. :  7.90' 

ELEVATION: MEASURING POINT 5931.85' GROUND LEVEL 5929.79' 

HYDRO-SEARCH RENO. DENVER CONSULTING HYDROLOGISTS- GEOLOGI STS 



ATTACHMENT D 

HYDRAULIC CONDUCTIVITY TEST DATA 
AND RESULTS 

Responses to EPA Comments on the Draft 881 Hillside RI/FS Report Dated 3/1/88 
24 February 1989 Attachment D 



Hydraulic Test Analysis Page 1 
Well 56-86 Rockwell International 

HYDRAULIC TEST 
WELL 56-86 

Well 56-86 was tested for hydraulic conductivity estimation on 
October 1, 1986. The well was bailed for thirteen minutes 
using a 2-inch bailer; three gallons of water were removed. 
Water levels were measured before bailing began and as soon as 
possible after bailing ceased. Water level measurement 
continued for an additional 27 minutes. Test data are 
presented in Table 1 and plotted on Figures 1 and 2. 

Theis Recoverv/Jacob Straisht-Line 

The data were analyzed using the Theis recovery method (Theis, 
1935), coupled with the Jacob straight-line method (Cooper and 
Jacob, 1964). A straight-line match was estimated as shown on 
Figure 3, yielding: 

Transmissivity 0.0021 

Assuming that the storage coefficient is 0.1 (permeable 
material in the zone of completion is unconfined), then 

u = 0.5 

at the end of the test and is higher for earlier times; 
therefore the Theis/Jacob analysis is not strictly applicable. 

Modified Thiem (Incremental Recoverv) 

The data were also analyzed using a well-bore storage 
dominated analytical routine based on a modification of the 
expression for steady radial flow to a well (the Thiem - 
equation) Separate hydraulic conductivity values are 
calculated for the time between successive water level 
measurements using the standard Thiem expression except that 
the natural logarithm of the ratio of the radius of the well 1 
to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 
2 and yield 

Conductivity = 3.9~10'~ cm/s 

Transmissivity 0.0022 ftz/min. 

These values are consistent with those obtained in the 
Theis/Jacob straight-line method. 



0 

Theis Match 

In order to evaluate the reasonableness of the hydraulic 
conductivity values of beginning to emerge from the analyses, 
a predictive analysis was performed using the Theis recovery 
method. The Theis recovery method involves superposing an 
injection well on the withdrawal well at the time withdrawal 
ceased, and summing the drawdowns from each in order to 
simulate the recovery period. The best match between the 
actual data and the predicted drawdowns is shown on Figure 4 .  
This match was obtained using the values 

Transmissivity = 0.0021 ft2/min 

Storage = 0.1 

The predicted values are too high in the early times of 
recovery and too low in the late times. The discrepancies 
between the measured and predicted drawdowns are thought to 
result from well bore storage effects. 

Result 

Based on the above described analyses, it is concluded that 

Conductivity = 4~10'~ cm/s 

is the best value and should be used as the result of the 
hydraulic test. 

REFERENCES 
-= . 

Cooper, H.H., Jr., and C.E. Jacob, 1964, A Generalized 
Graphical Method for Evaluating Formation Constants and 
Summarizing Well-Field History, Transactions of the 
American Geophysical Union, Volume 27, pp. 526-534. 

Theis, C.V., 1935, The Relation between the Lowering of the 
Piezometric Surface and the Rate and Duration of Discharge 
of a Well using Groundwater Storage, Transactions of the 
American Geophysical Union, Volume 16, pp. 519-524. 
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Well 56-86 Rockwell International 

Table 1. Bail-down/Recovery Test Data for Well 56-86 

Tested 10/01/86 beginning at 11:40 AM 

Bail for: 13 minutes 
Remove : 3.0 gallons 

Flowrate : -23 gallons per minute 
Well dia: 2 inch 

TIMES (minutes) WATER LEVELS (feet) 
Pumping Recovery Depth to Draw- 

Time Time Water down 

.o 
13.0 
13.6 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

- 
.o 
.6 

1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
6.0 
7.0 
8.0 
9.0 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
17.0 
19.0 
21.0 
23.0 
25.0 
27.0 

6.16 

9.47 
9.23 
9.11 
8.79 
8.6 
8.45 
8.31 
8.19 
8.09 
7.97 
7.81 
7.62 
7,48 
7.33 
7.21 
7.1 
7.01 
6.85 
6.83 
6.75 
6,67 
6.59 
6.54 
6.5 
6.51 
6.48 

3.31 
3.07 
2.95 
2.63 
2.44 
2.29 
2.15 
2.03 
1.93 
1.81 
1.65 
1.46 
1.32 
1.17 
1.05 
.94 
.85 
.69 
.67 
.59 
.51 
.43 
.38 
.34 
.35 
.32 
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Table 2 .  Recovery Analysis using Modified Thiem . 

56-86 BAIL-DOWN/RECOVERY ON 10/01/86 

STATIC DEPTH TO WATER = 6.16 FEET 

LENGTH OF INFLOW = 2.83 FEET 
RUNNING 

DEPTH TO HYDRAULIC GEOMETRIC 
TIME WATER CONDUCTIVITY MEAN 
(min) (feet) (cm/s) (CWS) 

0.60 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
17.00 
19.00 
21.00 
23.00 

9.47 
9.23 
9.11 
8.79 
8.60 
8.45 
8.31 
8.19 
8.09 
7.97 
7.81 
7.62 
7.48 
7.33 
7.21 
7.10 
7.01 

6.83 
6.75 

6.59 
6.54 
6.50 

6.85 

6.67 

3.12E-04 
8.983-04 
5.873-04 
4.9731-04 
4.943-04 
4.50E-04 
3.963-04 
5.03E-04 
3.623-04 
4.793-04 
3.94E-04 

4.2331-04 
4.333-04 
3.943-04 
8.14E-04 
1.15E-04 
4.973-04 
2.853-04 
3.33E-04 
2.42E-04 
2.18E-04 
1.753-04 

4 72E-04 

3.12E-04 
5.30E-04 
5.483-04 
5.353-04 
5.263-04 

4.943-04 
4.95E-04 
4.783-04 
4.783-04 
4.70344 
4.70E-04 
4.663-04 
4.643-04 
4.593-04 
4.763-04 
4.383-04 
4.41E-04 
4.31E-04 
4.253-04 
4.14E-04 
4.02E-04 
3.883-04 

5 13E-04 



0 

Figure 1. Linear Time v. Drawdown 

0 

WELL 56-86 
BAIL-DOWN/RECOVERY TEST DATA 

I 

10 20 30 

Pumping Time (minutes) 

I 

40 
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Figure 2. Log of Ratio of Pumping 61 Recovery Time v. Drawdown 

WELL 56-86 
BAI L-DOWN/RECOVERY TEST DATA 

n 
Q, 
Q) 

+ 

y. 
W 

f 
0 
U 
3 
0 
I 
n 

0' 

1 

.2 

3 

4 
0 .5 1 1.5 
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Figure 3. Theis/Jacob Straight-Line Match 

WELL 56-86 
0 

1 

2 

.3 

4 

BAl I- DO W N/RECOVERY TEST DATA 

0 ,5 1 1.5 

-ff Data 

++ Match 
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Figure 4. Test Data v. Predicted Values 

THEIS RECOVERY MATCH FOR WELL 56-86 

5 2  

6 

0 
-0 

Cl 
3 

3 

4 

T = ,0021 ftZ/min; S = 0.1 

13 18 23 28 33 38 43 

Time (minutes) 

-8- Actual 

++ Predicted 

-=. 



? 

r' 

Hydraulic Test Analysis Page 1 
Well 59-86BR Rockwell International 

HYDRAULIC TEST 
WELL 59-86BR 

Well 59-86BR was tested for hydraulic conductivity estimation 
on October 23, 1986. The well was bailed for twenty minutes 
using a 2-inch bailer; one and one-half gallons of water were 
removed. Water levels were measured before bailing began and 
as soon as possible after bailing ceased. Water level 
measurement continued for an additional 20 minutes. Test data 
are presented in Table 1 and plotted on Figure 1. 

Theis Recoverv/Jacob Straisht-Line 

The data were analyzed using the Theis recovery method (Theis, 
1935), coupled with the Jacob straight-line method (Cooper and 
Jacob, 1964). A straight-line match was estimated as shown on 
Figure 2, yielding: 

Transmissivity = 1.1~10-3 

Assuming that the storage coefficient is 0.1 (permeable 
material in the zone of completion is unconfined), then 

u = 0.9 

at the end of the test and is higher f o r  earlier times. 
Therefore, the Theis/Jacob analysis is not strictly 
applicable. 

Modified Thiem (Incremental Recovervl 

The data were also analyzed using a well-bore storage 4 

dominated analytical routine based on a modification of the 
expression for steady radial flow to a well (the Thiem 
equation). Separate hydraulic conductivity values are 
calculated for the time between successive water level 
measurements using the standard Thiem expression except that 
the natural logarithm of the ratio of the radius of the well 
to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 
2 and yield 

Conductivity = 4.3~10'~ cm/s 

Transmissivity = 2.5~10'~ ft2/min. 

These values are reasonably consistent with those obtained in 
the Theis/Jacob straight-line method. Values are calculated 
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using an inflow length of 3.01 feet (saturated thickness of 
the unconfined sandstone at the time of the test).. 

Theis Match 

In order to evaluate the reasonableness of the hydraulic 
conductivity value emerging from the analyses, a predictive 
analysis was performed using the Theis recovery method. The 
Theis recovery method involves superposing an injection well 
on the withdrawal well at the time withdrawal ceased, and 
summing the drawdowns from each in order to simulate the 
recovery period. The best match between the actual data and 
the predicted drawdowns is shown on Figure 3. This match was 
obtained using the values 

Transmissivity = 1.2~10'~ ft2/min. 

Storage = 0.1 

0 

I 

I 

The predicted values are slightly too high in the early times 
of recovery and slightly too low in the late times. The 
discrepancies between the measured and predicted drawdowns are 
thought to result from well bore storage effects. 

Result 

Based on the above described analyses, it is concluded that 
the transmissivity obtained in the Theis match is the most 
reasonable. Using an inflow length of 3.01 feet (thickness of 
saturated sandstone) yields 

Conductivity = 2~10'~ cm/s. 

This value should be used as the result of the hydraulic test. -= 
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Table 1. Bail-down/Recovery Test Data for Well 59-86BR 

Tested 10/23/86 beginning at 10:30 AM 

Bail for: 20.2 minutes 
Remove : 1.5 gallons (assumed) 

0 

Flowrate : 
Well dia: 

.07 gallons per minute 
2 inch 

TIMES (minutes) WATER LEVELS (feet) 
Pumping Recovery Depth to Draw- 

Time Time Water down 

.o 
20.2 
20.5 
21.0 
21.5 
22.0 
22.5 
23.0 
23.5 
24.0 
24.5 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
37.0 
39.0 
41.0 

- 
.o 
.3 
.8 

1.3 
1.8 
2.3 
2.8 
3.3 
3.8 
4.3 
4.8 
5.8 
6.8 
7.8 
8.8 
9.8 
10.8 
11.8 
12.8 
13.8 
14.8 
16.8 
18.8 
20.8 

25.09 
27 46 
27.37 
27.21 
27.03 
26.83 
26.73 
26.61 
26.50 
26.40 
26.33 
26.23 
26.11 
26.02 
25.95 
25.86 
25.77 
25.73 
25.68 
25.62 
25.59 
25.54 
25.45 
25.37 
25.31 

- 
2.37 
2.28 
2.12 
1.94 
1.74 
1.64 
1.52 
1.41 
1.31 
1.24 
1.14 
1.02 
.93 
.86 
.77 
e 68 
.64 
.59 
53 
.50 
.45 
.36 
.28 
.22 
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Table 2. Recovery Analysis using Modified Thiem 

BAIL-DOWN RECOVERY TEST OF 59-86BR ON 10/23/86 

STATIC DEPTH TO WATER = 25.09 FEET 

LENGTH OF INFLOW = 3.01 FEET 
RUNNING 

DEPTH TO HYDRAULIC GEOMETRIC 
TIME WATER CONDUCTIVITY MEAN 
(min) ( feet) ( C W S )  (-/SI 

1 

r' 

0.00 
0.30 
0.80 
1.30 
1.80 
2.30 
2.80 
3.30 
3.80 
4.30 
4.80 
5.80 
6.80 
7.80 
8.80 
9.80 
10.80 
11.80 
12.80 
13.80 
14.80 
16.80 
18.80 

27.46 
27.37 
27.21 
27.03 
26.83 
26.73 
26.61 
26.50 
26.40 
26.33 
26.23 
26.11 
26.02 
25.95 
25.86 
25.77 
25.73 
25.68 
25.62 
25.59 
25.54 
25.45 
25.37 

5.36E-04 
6.533-04 
8.00E-04 
4.36E-04 
5.593-04 
5.53E-04 
5.41E-04 
4.04E-04 
6.19E-04 
4.09E-04 
3.40E-04 
2.883-04 
4.07E-04 
4.573-04 
2.233-04 
2.993-04 
3.943-04 
2.14E-04 
3.8831-04 
4.09E-04 
4.60E-04 
4.423-04 

5.363-04 
5.91E-04 
6.543-04 
5.91E-04 
5.84E-04 
5.793-04 
5.743-04 
5.493-04 
5.563-04 
5.403-04 
5.17E-04 
4.93E-04 
4.853-04 
4.83E-04 
4.593-04 
4.47E-04 
4.44E-04 
4.263-04 
4.243-04 
4.233-04 
4.25E-04 
4.263-04 
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Figure 1. Linear Time v. Drawdown 
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Figure 2. Theis/Jacob Straight-Line Match 
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Figure 3. T e s t  Data v. Predicted Values . 
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HYDRAULIC TEST 
WELL 62-86BR 

Well 62-86BR was tested for hydraulic conductivity estimation 
on October 15, 1986. It is assumed that the well was bailed 
for ten minutes using a 2-inch bailer; two and one-half 
gallons of water are assumed to be removed. Water levels were 
measured before bailing began and as soon as possible after 
bailing ceased. Water level measurement continued for an 
additional 395 minutes. Test data are presented in Table 1 
and plotted on Figure 1. 

Theis Recoverv/Jacob Straiaht-Line 

The data were analyzed using the Theis recovery method (Theis, 
1935), coupled with the Jacob straight-line method (Cooper and 
Jacob, 1964). A straight-line match was estimated as shown on 
Figure 2, yielding: 

Transmissivity = ~ . O X ~ O ' ~  ft2/minute. 

The line shown on Figure 2 is an average; a match to the late 
time data (steep curve on left) yielded 

Transmissivity = 2.9~10'~ ft2/min. 

A match to the early time data (flatter portion on the the 
right of Figure 2) yielded 

Transmissivity = 3.2~10'~ ft2/min. 

Although it is by no means certain, the averaging match first -.-. 
described is felt to be the most appropriate. 

Assuming that the storage coefficient is 0.1 (permeable 
material in the zone of completion is unconfined), then 

u = 0.1 

at the end of the test and is higher for earlier times. 
Therefore, the Theis/Jacob analysis is not strictly 
applicable. 

Modified Thiem (Incremental Recovery) 

The data were also analyzed using a well-bore storage 
dominated analytical routine based on a modification of the 
expression for steady radial flow to a well (the Thiem 
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equation). Separate hydraulic conductivity values are 
calculated for the time between successive .water level 
measurements using the standard Thiem expression except that 
the natural logarithm of the ratio of the radius of the well 
to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 
2 and yield 

Conductivity = 1.4~10'~ cm/s 

Transmissivity = 2.5~10'~ ft2/min. 

Values are calculated using an inflow length of 9.08 feet 
(saturated thickness of the slightly unconfined sandstone at 
the time of the test). These values are reasonably consistent 
with those obtained in the late time Theis/Jacob straight-line 
match. 

Theis Match 

In order to evaluate the reasonableness of the hydraulic 
conductivity value emerging from the analyses, a predictive 
analysis was performed using the Theis recovery method. The 
Theis recovery method involves superposing an injection well 
on the withdrawal well at the time withdrawal ceased, and 
summing the drawdowns from each in order to simulate the 
recovery period. The best match between the actual data and 
the predicted drawdowns is shown on Figure 3 .  This match was 
obtained using the values 

Transmissivity = 2.5~10'~ ft2/min. 

Storage = 0.1 
- 

However, the match is not very good. The discrepancies 
between the measured and predicted drawdowns are thought to 
result from well bore storage effects and are also due in part 
to the assumed discharge and duration of bailing. 

Result 

Based on the above described analyses, it is concluded that 
the hydraulic conductivity obtained from the Thiem recovery 
analysis is the most reasonable, 

Conductivity = 1.4~10'~ cm/s 

This value is reasonable for the material in the zone of 
completion and should be used as the result of the hydraulic 
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test: however, it should be considered an estimate only, 
because of the uncertainties in the test conditiogs. 
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Table 1. Bail-down/Recovery Test Data for Well 62-86BR 

Tested 10/15/86  beginning at 11:OO AM 

Bail for :  10.0 minutes (assumed) 
Remove : 2 . 5  gallons (assumed) 

Flowrate: . 25  gallons per minute 
Well dia: 2 inch 

TIMES (minutes) WATER LEVELS (feet) 
Pumping Recovery Depth to Draw- 

Water down Time Time 

.o 
10 .0  
1 0 . 5  
11.0 
1 1 . 5  
1 2 . 0  
1 3 . 0  
1 4 . 0  
1 5 . 0  
1 7 . 0  
2 0 . 0  
2 2 . 0  
2 5 . 0  
3 1 . 0  
3 5 . 0  
4 1 . 0  
4 5 . 0  
5 0 . 0  
6 0 . 0  
7 0 . 0  
8 0 . 0  
9 0 . 0  

1 1 5 . 0  
1 4 5 . 0  
1 7 5 . 0  
2 1 0 . 0  
2 5 5 . 0  
3 1 5 . 0  
4 0 5 . 0  

- 
.o  
. 5  

1 .0  
1 . 5  
2 .0  
3 . 0  
4 . 0  
5 . 0  
7 . 0  

10.0 
1 2 . 0  
1 5 . 0  
2 1 . 0  
25 .0  
31 .0  
35 .0  
40 .0  
50 .0  
6 0 . 0  
7 0 . 0  
80 .0  

105 .0  
1 3 5 . 0  
1 6 5 . 0  
200 .0  
245 .0  
305 .0  
395 .0  

27 .03  
36 .33  
36 .12  
35 .93  
35 .76  
35 .61  
35 .36  
35 .15  
34 .92  
34 .57  
3 4 . 0 0  
33.67 
33 .19  
32 .43  
32 .05  
31 .55  
31.27 
31 .04  
30 .72  
3 0 . 5 1  
3 0 . 3 1  
30 .08  
29 .63  
29 .26  
29.03 
28 .83  
28 .65  
28 .47  
28 .30  

- 
9 . 3 0  
9 . 0 9  
8 . 9 0  
8 . 7 3  
8 . 5 8  
8 . 3 3  
8 . 1 2  
7 . 8 9  
7 . 5 4  
6 . 9 7  
6 . 6 4  
6 . 1 6  
5 . 4 0  
5 . 0 2  
4 . 5 2  
4 . 2 4  
4 . 0 1  
3 . 6 9  
3 . 4 8  
3 . 2 8  
3 . 0 5  
2 . 6 0  , 

2 . 2 3  
2 . 0 0  
1 .80  
1 . 6 2  
1 .44  
1 . 2 7  
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Table 2. Recovery Analysis using Modified Thiem 

BAIL-DOWN/RECOVERY TEST OF 62-86BR ON 10/15/86 

STATIC DEPTH TO WATER = 27.03 FEET 

LENGTH OF INFLOW = 9.08 FEET 

0 

TIME 
(min) 

0.00 
0.50 
1.00 
1.50 
2.00 
3.00 
4.00 
5.00 
7.00 
10.00 
12.00 
15.00 
21.00 
25.00 
31.00 
35.00 
40.00 
50.00 
60.00 
70.00 
80.00 
105.00 
135.00 
165.00 
200.00 
245.00 
305.00 

RUNNING 
DEPTH TO HYDRAULIC GEOMETRIC 
WATER CONDUCTIVITY MEAN 
(feet) (CWS) (cm/s> 

36.33 
36.12 
35.93 
35.76 
35.61 
35.36 
35.15 
34.92 
34.57 
34.00 
33.67 
33.19 
32.43 
32.05 
31.55 
31.27 
31.04 
30.72 
30.51 
30.31 
30.08 
29.63 
29.26 
29.03 
28.83 
28.65 
28.47 

5.16E-05 
4.71E-05 
4.233-05 
3.61E-05 
3 12E-05 
3.51E-05 
2.773-05 
3.20E-05 
2.963-05 
3.05E-05 
2.67E-05 
2.233-05 
2.13E-05 
1.953-05 
1.363-05 
1.01E-05 
7.15E-06 
7.223-06 
8.873-06 
7.7831-06 
6.233-06 
4.42E-06 
3.67E-06 
2.863-06 
2.393-06 
1.703-06 

5.16E-05 
4.933-05 
4.683-05 
4.393-05 

3.993-05 
3.793-05 
3.71E-05 
3.623-05 
3.563-05 
3.473-05 
3.343-05 
3.233-05 
3.llE-05 
2.95E-05 
2.76E-05 
2.553-05 
2.373-05 
2.253-05 
2.14E-05 
2.02E-05 
1.883-05 
1.75E-05 
1.623-05 
1.50E-05 
1.383-05 

4 10E-05 
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Figure 1. Linear Time v. Drawdown 
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Figure 2. Theis/Jacob Straight-Line Match 
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Figure 3. Test Data v. Predicted Values 
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HYDRAULIC TEST 
WELL 65-86 

Well 65-86 was tested for hydraulic conductivity estimation on 
September 30, 1986. The well was bailed for three minutes 
using a 2-inch bailer; one gallon of water was removed. Water 
levels were measured before bailing began and as soon as 
possible after bailing ceased. Water level measurement 
continued for an additional 12 minutes. Test data are 
presented on Table 1 and plotted on Figures 1 and 2. 

Theis Recoverv/Jacob Straiqht-Line 

The data were analyzed using the Theis recovery method (Theis, 
1935), coupled with the Jacob straight-line method (Cooper and 
Jacob, 1964). A straight-line match was estimated for the 
early recovery time data as shown on Figure 3 ,  yielding: 

Transmissivity = 0.0025 ft2/minute. 

A straight-line match was also estimated for the late recovery 
time data as shown on Figure 4 ,  yielding: 

Transmissivity = 0.011 ft2/minute. 
i0 

Assuming that the storage coefficient is 0.1 (permeable 
material in the zone of completion is unconfined), then 

u = 0.2 to more than 1 

at the end of the test and is higher for earlier times; 
therefore the Theis/Jacob analysis is not applicable. 

Modified Thiem (Incremental Recovery) 

i- The data were also analyzed using a well-bore storage 
dominated analytical routine based on a modification of the 
expression for steady radial flow to a well (the Thiem 
equation). Separate hydraulic conductivity values are 
calculated for the time between successive water level 
measurements using the standard Thiem expression except that 
the natural logarithm of the ratio of the radius of the well 
to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 
2 and yield 

1 

Conductivity = 3.5~10'~ cm/s 

Transmissivity = 0 . 0 1 2  ft2/min. 



Hydraulic Test Analysis Page 2 0 Well 65-86 Rockwell International 

These values are consistent with those obtained in the 
Theis/Jacob straight-line method, late recovery time match. 

Theis Match 

In order to evaluate the reasonableness of the hydraulic 
conductivity values emerging from the analyses, two predictive 
analysis was performed using the Theis recovery method. The 
Theis recovery method involves superposing an injection well 
on the withdrawal well at the time withdrawal ceased, and 
summing the drawdowns from each in order to simulate the 
recovery period. The match between the actual data and the 
predicted drawdowns using the Theis/Jacob early time 
conductivity value is shown on Figure 5. This match does not 
appear satisfactory. The best match between the actual data 
and the predicted drawdowns was obtained using the Theis/Jacob 
late time conductivity value (Figure 6). This match was 
obtained using the values 

Transmissivity = 0.011 ft2/min 

Storage = 0.1 

The predicted values are too high in the early times of 
recovery and too low in the late times; however, the match is 
much better than that of Figure 5. 

a 
Result 

Based on the above described analyses, it is concluded that 

Conductivity = 3~10'~ cm/s 

is the best value and should be used as the result of the - 
hydraulic test. This value is reasonable for the lithologic 

. description of the subsurface material in the completion zone. 
r' 
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Table 1. Bail-down/Recovery Test Data for Well 65-86 

Tested 09/30/86 beginning at 10:07 AM 

Bail for: 3 minutes 
Remove : 1.0 gallons 

Flowrate : .33 gallons per minute 
Well dia: 2 inch 

TIMES (minutes) WATER LEVELS (feet) 
Pumping Recovery Depth to Draw- 

Time Time Water down 

.o 
3.0 
3.6 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 

9.0 
10.0 
11.0 
12.3 
14.0 
15.0 

8 . 1  

- 
.o 
.6 

1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.1 
6.0 
7.0 
8.0 
9.3 
11.0 
12.0 

5.3 

6.89 
6.33 

5.65 
5.53 
5.45 
5.42 
5.4 
5.4 
5.37 
5.35 
5.36 
5.35 
5.33 
5.33 
5.34 

- 

5.89 

- 
1.59 
1.03 
.59 
.35 
.23 
.15 
.12 
.1 
.1 

.07 

.05 

.06 

.05 

.03 

.03 

.04 
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Table 2. Recovery Analysis using Modified Thiem 

BAIL-DOWN/RECOVERY TEST OF WELL 65-86 ON 09/30/86 

STATIC DEPTH TO WATER = 5.3 FEET 

LENGTH OF INFLOW = 1.7 FEET 
RUNNING 

DEPTH TO HYDRAULIC GEOMETRIC 
TIME WATER CONDUCTIVITY MEAN 
(min) (feet) (cm/s) (cm/s) 

0.60 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.10 
6.00 

6.89 
6.33 
5.89 
5.65 
5.53 
5.45 
5.42 
5.40 
5.40 
5.37 
5.35 

7.08E-03 
6.663003 
5.40E-03 
5.493-03 
2.90E-03 
2.373-03 
3.833-03 
2.41E-03 
1.19E-03 
2.51E-03 

7.08E-03 
6.873-03 
6.343-03 
6.llE-03 
5.273-03 
4.61E-03 
4.493-03 
4.16E-03 
3.61E-03 
3.483-03 
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Figure 1. Linear Time v. Drawdown 
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Figure 2. Log of Ratio of Pumping & Recovery Time v. Drawdown 
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Figure 3. Theis/Jacob Straight-Line Match for Early Time 
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Figure 4. Theis/Jacob Straight-Line Match for Late Time 
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Figure 5. Test Data v. Predicted Values using Early Time 
Transmissivity 
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Figure 6. Test Data v. Predicted Values using Late Time 
Transmissivity . 
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HYDRAULIC TEST 
WELL 68-86 

Well 68-86 was tested for hydraulic conductivity estimation on 
September 29, 1986. The well was bailed for two minutes using 
a 2-inch bailer; three-quarters of a gallon of water were 
removed. Water levels were measured before bailing began and 
as soon as possible after bailing ceased. Water level 
measurement continued for an additional 8 minutes. Test data 
are presented on Table 1 and plotted on Figures 1 and 2. 

Theis Recovery/Jacob Straiaht-Line 

The data were analyzed using the Theis recovery method (Theis, 
1935), coupled with the Jacob straight-line method (Cooper and 
Jacob, 1964). A straight-line match was estimated as shown on 
Figure 3, yielding: 

Transmissivity = 0.0028 ft2/minute. 

e Assuming that the storage coefficient is 0.1 (permeable 
material in the zone of completion is unconfined), then 

u = 1.5 

at the end of the test and is higher for earlier times; 
therefore the Theis/Jacob analysis is not strictly applicable. 

Modified Thiem (Incremental Recovery) 

The data were also analyzed using a well-bore storage 

expression for steady radial flow to a well (the Thiem 
equation). Separate hydraulic conductivity values are 
calculated for the time between successive water level 
measurements using the standard Thiem expression except that 
the natural logarithm of the ratio of the radius of the well 
to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 
2 and yield 

dominated analytical routine based on a modification of the -- 

, 
a= 

Conductivity = 4.4~10'~ cm/s 

Transmissivity = 0.016 ft2/min. 

These values were calculated using an inflow length of 1.88 
feet (difference between the static water level and the base 



Hydraulic Test Analysis Page 2 
Well 68-86 Rockwell International e 
of the gravel. The values are reasonably condstent with 
those obtained in the Theis/Jacob straight-line method. 

Theis Match 

In order to evaluate the reasonableness of the hydraulic 
conductivity value emerging from the analyses, a predictive 
analysis was performed using the Theis recovery method. The 
Theis recovery method involves superposing an in] ection well 
on the withdrawal well at the time withdrawal ceased, and 
summing the drawdowns from each in order to simulate the 
recovery period. The best match between the actual data and 
the predicted drawdowns is shown on Figure 4. This match was 
obtained using the values 

Transmissivity = 0.005 ft2/min 

Storage = 0.1 

The predicted values are too high in the early times of 
recovery and too low in the late times. The discrepancies 
between the measured and predicted drawdowns are thought to 
result from well bore storage effects. e 
Result 

Based on the above described analyses, it is concluded that 

Conductivity = 1~10'~ cm/s 

is the best value and should be used as the result of the 
hydraulic test. 

-- 

I REFERENCES 
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Table 1. Bail-down/Recovery Test Data for Well 68786 

Tested 09/29/86 beginning at 12:30 PM 

Bail for: 2 minutes 
Remove : 0.75 gallons 

Flowrate : 0.38 gallons per minute 
Well dia: 2 inch 

TIMES (minutes) WATER LEVELS (feet) 
Pumping Recovery Depth to Draw- 

Time Time Water down 

.o  
2.0 
2.3 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 

- 
.o  
.3 
.5 

1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 

.92 

3.13 
2.88 
2.35 
1.97 
1.59 
1.39 
1.24 
1.16 
1.1 

1.06 
1.02 
.99 
.98 
.96 
.94 
94 
.92 

- - 
2.21 
1.96 
1.43 
1.05 
.67 
.47 
.32 
.24 
.18 
.14 
.1 

.07 

.06 

.04 
02 
.02 
0 
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Table 2. Recovery Analysis using Modified Thiem . 

Bail-Down/Recovery Test of Well 68-86 on 09/29/86 

STATIC DEPTH TO WATER = .92 FEET 

LENGTH OF INFLOW = 1.88 FEET 
RUNNING 

DEPTH TO HYDRAULIC GEOMETRIC 
TIME WATER CONDUCTIVITY MEAN 
(min) (feet) (cm/s) ( C W S )  

0.30 
0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7.00 

3.13 
2.88 
2.35 
1.97 
1.59 
1.39 
1.24 
1.16 
1.10 
1.06 
1.02 
0.99 
0.98 
0.96 
0.94 

3.69E-03 
3.61E-03 
5.2 1E-03 
4.14E-03 
4.483-03 
3.373-03 
3.37E-03 
2.95E-03 
3.93E-03 
4.16E-03 
1.81E-03 
4.72E-03 
7.86E-03 
2.36E-02 

3.69E-03 
3.653-03 
4.llE-03 
4.12E-03 
4.19E-03 
4.04E-03 
3.933-03 
3.793-03 
3.81E-03 
3.843-03 
3.593-03 
3 67E-03 
3.89E-03 
4.43E-03 

1 

f 
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Figure 1. Linear Time v. Drawdown 
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Figure 2. Log of Ratio of Pumping & Recovery Time-v. Drawdown 
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Figure 3. Theis/Jacob Straight-Line Match 
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Figure 4. Test Data v. Predicted Values 
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HYDRAULIC TEST 
WELL 69-86 

Well 69-86 was tested for hydraulic conductivity estimation on 
October 6, 1986. The well was bailed for fifteen minutes 
using a 2-inch bailer; seven and one-half gallons of water 
were assumed to be removed. Water levels were measured before 
bailing began and as soon as possible after bailing ceased. 
Water level measurement continued for an additional 27 
minutes. Test data are presented in Table 1 and plotted on 
Figures 1 and 2. 

Theis Recoverv/Jacob Straisht-Line 

The data were analyzed using the Theis recovery method (Theis, 
1935), coupled with the Jacob straight-line method (Cooper and 
Jacob, 1964). A straight-line match was estimated as shown on 
Figure 3 ,  yielding: 

Transmissivity = 0.0023 

Assuming that the storage coefficient is on the order of 0.04 
(permeable material in the zone of completion is a gravel 
underlying clay and may be slightly confined), then 

u = 0.2 

at the end of the test and is higher for earlier times. A 
higher storage coefficient (for unconfined conditions) would 
result in an even higher u; therefore, the Theis/Jacob 
analysis is not applicable. 

-- 
Modified Thiem (Incremental Recoverv) 

. 
The data were also analyzed using a well-bore storage 
dominated analytical routine based on a modification of the 
expression for steady radial flow to a well (the Thiem 
equation). Separate hydraulic conductivity values are 
calculated for the time between successive water level 
measurements using the standard Thiem expression except that 
the natural logarithm of the ratio of the radius of the well 
to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 
2 and yield 

r' 

Conductivity = 6.8~10'~ cm/s 

Transmissivity = 0.0031 ft2/min. 
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These values are reasonably consistent with those obtained in 
the Theis/Jacob straight-line method. 

Theis Match 

In order to evaluate the reasonableness of the hydraulic 
conductivity value emerging from the analyses (in spite of 
their inadequacies), a predictive analysis was performed using 
the Theis recovery method. The Theis recovery method involves 
superposing an injection well on the withdrawal well at the 
time withdrawal ceased, and summing the drawdowns from each in 
order to simulate the recovery period. The best match between 
the actual data and the predicted drawdowns is shown on Figure 
4. This match was obtained using the values 

Transmissivity = 0.004 ft2/min 

Storage = 0.1 

The predicted values are too high in the early times of 
recovery and too low in the late times; however, the predicted 
drawdown at the end of pumping is in good agreement with that 
actually observed. The discrepancies between the measured and 
predicted drawdowns are thought to result from well bore 
storage effects. 

0 
Result 

Based on the above described analyses, it is concluded that 
the transmissivity obtained in the Theis match is the most 
reasonable. Using an inflow length of 2.3 feet (gravel 
thickness) yields 

Conductivity = 9~10'~ cm/s. 

. This value should be used as the result of the hydraulic test. 
i 

REFERENCES 
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Theis, C.V., 1935, The Relation between the Lowering of the 
Piezometric Surface and the Rate and Duration of Discharge 
of a Well using Groundwater Storage, Transactions of the 
American Geophysical Union, Volume 16, pp. 519-524. e 
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Table 1. Bail-down/Recovery Test Data for Well 69-86 

Tested 10/06/86 beginning at 11:30 AM 

Bail for: 15 minutes 
Remove : 7.5 gallons (assumed) 

Flowrate : 
Well dia: 2 inch 

.50 gallons per minute 

TIMES (minutes) WATER LEVELS (feet) 
Pumping Recovery Depth to Draw- 

Time Time Water down 

.o 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
18.5 
19.0 
19.5 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 
42.0 

- 
.o 
.5 

1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
6.0 
7.0 
8.0 
9.0 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
17.0 
19.0 
21.0 
23.0 
25.0 
27.0 

5.70 
12.50 
11.96 
11.20 
10.58 
9.97 
9.51 
9.14 
8.84 
8.54 
8.26 
8.00 
7.53 
7.19 
6.88 
6.70 
6.51 
6.37 

6.19 
6.14 
6.11 

- 6.02 
5.99 
5.93 
5.90 
5.89 
5.88 

6.25 

- 
6.80 
6.26 
5.50 
4.88 
4.27 
3.81 
3.44 
3.14 
2.84 
2.56 
2.30 
1.83 
1.49 
1.18 
1.00 
-81 
.67 
.55 
.49 
.44 
.41 
.32 
.29 
.23 
.20 
.19 
.18 
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Table 2. Recovery Analysis using Modified Thiem 

BAIL-DOWN/RECOVERY TEST OF WELL 69-86 ON 10/06/86 

STATIC DEPTH TO WATER = 5.7 FEET 

LENGTH OF INFLOW = 2.3 FEET 
RUNNING 

DEPTH TO HYDRAULIC GEOMETRIC 
TIME WATER CONDUCTIVITY MEAN 
(min) (feet) ( C W S )  (cm/s) 

0.00 
0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12 00 
13.00 
14.00 
15.00 
17.00 
19.00 
21.00 
23.. 00 
25.00 

12.50 
11.96 
11.20 
10.58 
9.97 
9.51 
9.14 
8.84 
8.54 
8.26 
8.00 
7.53 
7.19 
6.88 
6.70 
6.51 
6.37 
6.25 
6.19 
6.14 
6.11 
6.02 
5.99 
5.93 
5.90 
5.89 

1.253-03 
1.15E-03 
1.283-03 
1.10E-03 
9.843-04 
8.7931-04 
9.67E-04 
9.99E-04 
1.03E-03 
1.10E-03 
9.873-04 
1.12E-03 
7.963-04 
1.01E-03 
9.12E-04 
9.483-04 
5.563-04 
5.18E-04 
3.40E-04 
5.94E-04 
2.373-04 
5.563-04 
3.36E-04 
1.243-04 
1.30E-04 

1.253-03 
1.20E-03 
1.23E-03 
1.19E-03 
1.15E-03 
1.10E-03 
1.08E-03 
1.07E-03 
1.06E-03 
1.07E-03 
1.06E-03 
1.06E-03 
1.04E-03 
1.04E-03 
1.03E-03 
1.02E-03 
9.883-04 
9.533-04 
9.03E-04 
8.84E-04 
8.31E-04 
8.16E-04 
7.853-04 
7.273-04 
6.783-04 



Hydraulic Test Analysis Page 5 0 Well 69-86 Rockwell International 

II 

Figure 1. Linear Time v. Drawdown 
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Figure 2. Log of Ratio of Pumping & Recovery Time v. Drawdown . 
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Figure 3. Theis/Jacob Straight-Line Match 
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Figure 4. Test Data v. Predicted Values . 
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HYDRAULIC TEST 
WELL 70-86 

Well 70-86 was tested for hydraulic conductivity estimation on 
October 23, 1986. The well was bailed for five minutes using 
a 2-inch bailer; two and three-quarters gallons of water were 
removed. Water levels were measured before bailing began and 
as soon as possible after bailing ceased. Water level 
measurement continued for an additional 10 minutes. Test data 
are presented on Table 1 and plotted on Figures 1 and 2. 

Theis Recoverv/Jacob Straisht-Line 

The data were analyzed using the Theis recovery method (Theis, 
1935), coupled with the Jacob straight-line method (Cooper and 
Jacob, 1964). A straight-line match was estimated as shown on 
Figure 3, yielding: 

Transmissivity = 0.0018 ft2/minute. 

‘ 0  Assuming that the storage coefficient is 0.1 (permeable 
material in the zone of completion is unconfined), then 

u = 1.5  

at the end of the test and is higher f o r  earlier times; 
therefore the Theis/Jacob analysis is not applicable. 

Modified Thiem (Incremental Recoven) 

The data were also analyzed using a well-bore storage 
dominated analytical routine based on a modification of the 
expression for steady radial flow to a well (the Thiem 
equation). Separate hydraulic conductivity values are 
calculated for the time between successive water level 

J measurements using the standard Thiem expression except that 
the natural logarithm o f  the ratio of the radius of the well 
to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 
2 and yield 

-- 

Conductivity = 6.8~10’~ cm/s 

Transmissivity = 0.0053 ft2/min. 

These values are reasonably consistent with those obtained in 
the Theis/Jacob straight-line method. 0 
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Theis Match 

In order to evaluate the reasonableness of the hydraulic 
conductivity value emerging from the analyses, a predictive 
analysis was performed using the Theis recovery method. The 
Theis recovery method involves superposing an in] ection well 
on the withdrawal well at the time withdrawal ceased, and 
summing the drawdowns from each in order to simulate the 
recovery period. The best match between the actual data and 
the predicted drawdowns is shown on Figure 4 .  This match was 
obtained using the values 

Transmissivity = 0 . 0 0 2 5  ft2/min 

Storage = 0 . 1  

The predicted values are too high in the early times of 
recovery and too low in the late times. The discrepancies 
between the measured and predicted drawdowns are thought to 
result from well bore storage effects. 

Result 

Based on the above described analyses, it is concluded that 
the transmissivity obtained in the Theis match is the most 
reasonable. Using an inflow length of 4 . 0  feet yields 

0 

Conductivity = 3 ~ 1 0 ' ~  cm/s 

This value should be used as the result of the hydraulic test. 

REFERENCES 
, 

J Cooper, H.H., Jr., and C.E. Jacob, 1 9 6 4 ,  A Generalized 
Graphical Method for Evaluating Formation Constants and 
Summarizing Well-Field History, Transactions of the 
American Geophysical Union, Volume 2 7 ,  pp. 526-534 .  

Theis, C.V., 1 9 3 5 ,  The Relation between the Lowering of the 
Piezometric Surface and the Rate and Duration of Discharge 
of a Well using Groundwater Storage, Transactions of the 
American Geophysical Union, Volume 1 6 ,  pp. 519-524 .  
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Table 1. Bail-down/Recovery Test Data for Well 70-86 

. 
Tested 10/23/86 beginning at 12:25 PM 

Bail for: 5 minutes 
Remove : 2.75 gallons 

Flowrate : 
Well dia: 2 inch 

.55 gallons per minute 

TIMES (minutes) WATER LEVELS (feet) 
Pumping Recovery Depth to Draw- 

Time Time Water down 

0 

.o 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 

.o 

.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
6.0 
7.0 
8.0 
9.0 
10.0 

1.74 

6.80 
6.23 
5.64 
5.09 
4.55 
4.13 
3.85 
3.75 
3.57 
3.37 
3.00 
2.79 
2.60 
2.38 
2.17 

- - 
5.06 
4.49 
3.90 
3.35 
2.81 
2.39 
2.11 
2.01 
1.83 
1.63 
1.26 
1.05 
.86 
.64 
.43 
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Table 2. Recovery Analysis using Modified Thiem 

BAIL-DOWN/RECOVERY TEST OF WELL 70-86 ON 10/23/86 

STATIC DEPTH TO WATER = 1.74 FEET 

LENGTH OF INFLOW = 4 FEET 
RUNNING 

DEPTH TO HYDRAULIC GEOMETRIC 
TIME WATER CONDUCTIVITY MEAN 
(min) (feet) (cm/s) (cm/s) 

e 

0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
6.00 
7.00 
8.00 
9.00 

6.80 
6.23 
5.64 
5.09 
4.55 
4.13 
3.85 
3.75 
3.57 
3.37 
3.00 
2.79 
2.60 
2.38 

7.793-04 
8.41E-04 
9.723-04 
8.953-04 
6.90E-04 
2.693-04 
5.203-04 
6.41'3-04 
7.09E-04 
5.04E-04 
5.513-04 
8.13E-04 
1.09E-03 

7.793-04 
8.09E-04 
8.60E-04 
8.693-04 
8.303-04 
6.88E-04 
6.61E-04 
6.583-04 
6.643-04 
6.463-04 
6.363-04 
6.493-04 
6.763-04 
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Figure 1. Linear Time v. Drawdown 
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Figure 2. Log of Ratio of Pumping C Recovery Time v. Drawdown 
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Figure 3. Theis/Jacob Straight-Line Match 
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Figure 4. Test Data v. Predicted Values 
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HYDRAULIC TEST 
WELL 2-87 

Well 2-87 was tested for hydraulic conductivity estimation on 
June 15, 1987. The well was suction-pumped for 133 minutes 
using a peristaltic pump; the flowrate was 0.07 gallons per 
minute. Water levels were measured using a depth to water 
probe during the pumping period and €or 200 minutes of 
recovery. Test data are presented in Table 1 and plotted on 
Figure 1. 

Theis/Jacob Straisht-Line 

Both the drawdown and recovery data were analyzed using the 
Theis method (Theis, 1935), coupled with the Jacob straight- 
line method (Cooper and Jacob, 1964). 

A straight-line match to the drawdown data was estimated as 
shown on Figure 2, yielding: 

Transmissivity = 5.2~10'~ ft2/minute. 

Assuming that the storage coefficient is 0.1 (the zone of 
completion is probably unconfined), then 

0 

u = 0.2 

at the end of the test (333 minutes) and is higher for earlier 
times; therefore the above Theis/Jacob analysis is not 
strictly applicable. 

A straight-line match to the recovery data was estimated as 
shown on Figure 3, yielding: 

. Transmissivity = 5.5~10'~ ft2/minute. 
r' 

Again,. u is too large, indicating the above Theis/Jacob 
analysis is not strictly applicable. 

Modified Thiem (Incremental Recovery)- 

The data were also analyzed using a well-bore storage 
dominated analytical routine based on a modification of the 
expression for steady radial flow to a well (the Thiem 
equation). Separate hydraulic conductivity values are 
calculated for the time between successive water level 
measurements using the standard Thiem expression except that 
the natural logarithm of the ratio of the radius of the well 0 
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to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 
2 and yield 

Conductivity = 3.6~10'~ cm/s 

Transmissivity = 4.4~10'~ ft2/min. 

These values are reasonably consistent with those obtained in 
the Theis/Jacob straight-line method. 

Theis Match 

In order to evaluate the reasonableness of the hydraulic 
conductivity value emerging from the analyses, a predictive 
analysis was performed using the Theis method. Drawdowns 
during the pumping period are calculated using the standard 
Theis expression. Recoverying water levels are predicted by 
superposing an injection well on the withdrawal well at the 
time withdrawal ceased, and summing the drawdowns from each. 
The best match between the actual data and the predicted 
drawdowns is shown on Figure 4 .  This match was obtained using - 
the values 

Transmissivity = 5 .  OX~O'~ ft2/min 
e 

Storage = 0.1 

The discrepancies between the measured and predicted drawdowns 
are thought to result from well bore storage effects (note 
that at the very low pumping rate, considerable time is 
required to dewater the well). 

Result -= 

I Based on the above described analyses, it is concluded that 
the transmissivity obtained in the Theis match is the most 
reasonable. Using an inflow length of 6.25 feet yields r' 

Conductivity = 4~10'~ cm/s 

This value should be used as the result of the hydraulic test. 
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Table 1. Pumping Test Data for Well 2-87 . 

Tested 06/15/87 

Pump for: 133 minutes 
Remove : 9.84 gallons 

Flowrate : 
Well dia: 2 inch 

.07 gallons per minute 

TIMES (minutes) WATER LEVELS 
Pumping Recovery Depth to 

Time Time Water 

.oo 

.25 

.50 
1.00 
1.50 
2.00 
2.50 
3.00 
4.00 
5.00 
6.00 
8.00 
10.00 
11.00 
12.00 
14.00 
15.00 
16.00 
18.00 
20.00 
21.00 
22.00 
25.00 
30.00 
35.00 
40.00 
50.00 
60.00 
80.00 
90.00 
94.00 
100.00 
120.00 

- 3.41 
3.46 
3.54 
3.71 
3.86 
4.00 
4.14 
4.26 
4.51 
4.73 
4.95 
5.35 
5.76 
5.96 
6.13 
6.41 
6.53 
6.64 
6.81 
6.97 
7.05 
7.12 
7.33 
7.64 

8.02 
8.35 
8.59 
9.00 
8.10 
9.00 
9.53 
10.71 

7.83 

(feet) 
Draw- 
down 

.oo 

.05 

.13 

.30 
45 
59 
73 

1.10 
1.32 
1.54 
1.94 
2.35 
2.55 
2.72 
3.00 
3.12 
3.23 
3.40 
3.56 
3.64 
3.71 
3.92 
4.23 
4.42 
4.61 
4.94 
5.18 
5.59 
4.69 
5.59 
6.12 
7.30 

a5 
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Table 1. Pumping Test Data for Well 2-87 (Continued) . 
TIMES (minutes) WATER LEVELS (feet) 

Pumping Recovery Depth to Draw- 
down Time Water Time 

e 

133.00 
133.25 
133.50 
134.00 
134.50 
135.00 
135.50 
136.00 
137.00 
138.00 
139.00 
141.00 
143.00 
144.00 
145.00 
147.00 
148.00 
153.00 
154.00 
155.00 
158.00 
163.00 
168.00 
233.00 
288.00 
318.00 
333.00 

.oo 
25 
.50 

1.00 
1.50 
2.00 
2.50 
3.00 
4.00 
5.00 
6.00 
8.00 
10.00 
11.00 
12.00 
14.00 
15.00 
20.00 
21.00 
22.00 
25.00 
30.00 
35.00 

100.00 
155.00 
185.00 
200.00 

11.61 
11.58 
11.51 
11.37 
11.22 
11.08 
10.92 
10.77 
10.49 
10.23 
9.98 
9.60 
9.27 
9.16 
9.09 
8.92 
8.85 
8.50 
8.44 
0.39 
8.21 
7.96 
7.71 
5.12 
4.23 
3.93 
3.84 

8.20 
8.17 
8.10 
7.96 
7.81 
7.67 
7.51 
7.36 
7.08 
6.82 
6.57 
6.19 
5.86 
5.75 
5.68 
5.51 
5.44 
5.09 
5.03 
4.98 
4.80 
4.55 
4.30 
1.71 
.82 
.52 
.43 
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Table 2. Recovery Analysis using Modified Thiem 

RECOVERY ANALYSIS OF 2-87 P-TEST ON 06/15/87 

STATIC DEPTH TO WATER = 3.41 FEET 

LENGTH OF INFLOW = 6.25 FEET 
RUNNING 

DEPTH TO HYDRAULIC GEOMETRIC 
TIME WATER CONDUCTIVITY MEAN 

(min) (feet) (cm/s) (cm/s) 

.e  

0.00 
0.25 
0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
4.00 
5.00 
6.00 
8.00 
10.00 
11.00 
12.00 
14.00 
15.00 
20.00 
21.00 
22.00 
25.00 
30.00 
35.00 

100.00 
155.00 
185.00 

11.61 
11.58 
11.51 
11.37 
11.22 
11.08 
10.92 
10.77 
10.49 
10.23 
9.98 
9.60 
9.27 
9.16 
9.09 
8.92 
8.85 
8.50 
8.44 
8.39 
8.21 
7.96 
7.71 
5.12 
4.23 
3.93 

6.10E-05 
6.183-05 
6.753-05 
6.413-05 
7.483-05 
7.16E-05 
6.883-05 
6.633-05 
6.623-05 
5.28E-05 
4.863-05 
3.363-05 
2 173-05 
2.693-05 
2.273-05 
2.363-05 
2.10E-05 
1.773-05 
2.18E-05 
1.903-05 
2.003-05 
2.353-05 
2.273-05 
2.653-05 
2.243-05 

6.10E-05 
6.14E-05 
6.343-05 
6.363-05 
6.573-05 
6.663-05 
6.693-05 
6.683-05 
6.683-05 
6.523-05 
6.353-05 
6.02E-05 
5.5733-05 
5.293-05 
5.00E-05 
4.77E-05 
4.543-05 
4.3 1E-05 
4.163-05 
4.003-05 
3.873-05 
3.783-05 
3.70E-05 
3.653-05 
3.583-05 
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Figure 1. Linear Time v. Drawdown 
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Figure 2. Theis/Jacob Straight-Line Match to Drawdown Data 
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Figure 3. Theis/Jacob Straight-Line Match to Recovery Data 
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Figure 4 .  Test Data v .  Predkted Values 
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HYDRAULIC TEST 
WELL 3-87BR 

Well 3-87BR was tested for hydraulic conductivity estimation 
on June 18, 1987. The well was bailed for twenty-one minutes 
using a 2-inch bailer; 2.32 gallons of water were removed. 
Water levels were measured before bailing began and as soon as 
possible after bailing ceased. Water level measurement 
continued for an additional 1,040 minutes. Test data are 
presented in Table 1 and plotted on Figure 1. 

Theis Recovery/Jacob Straight-Line 

The data were analyzed using the Theis recovery method (Theis, 
1935), coupled with the Jacob straight-line method (Cooper and 
Jacob, 1964). A straight-line match was estimated as shown on 
Figure 2 ,  yielding: 

Transmissivity = 1.7~10'~ ft2/minute. 

Assuming that the storage coefficient is 0.001 (permeable 
sandstone in the zone of completion is confined), then 

u = 0.008 

after 30 minutes; therefore, the Theis/Jacob analysis is 
applicable from about the middle of the test and later, based 
on the u criterion. 

Modified Thiem (Incremental Recovery) 

The data were also analyzed using a well-bore storage 
dominated analytical routine based on a modification of the 
expression for steady radial flow to a well (the Thiem 
equation). Separate hydraulic conductivity values are ' calculated for the time between successive water level 
measurements using the standard Thiem expression except that 
the natural logarithm of the ratio of the radius of the well 
to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 
2 and yield 

Conductivity = 3.3~10'~ cm/s 

Transmissivity = 2.9~10'~ ft2/min. 

Values are calculated using an inflow length of 4 . 4  feet 
(saturated thickness of the sandstone and interbedded 

1. 



' 0  

Hydraulic Test Analysis Page 2 
Well 3-87BR Rockwell International 

claystone and sandstone in the completion interval). These 
values are approximately two orders of magnitude .lower than 
those obtained in the Theis/Jacob straight-line match. 

Theis Match 

In order to evaluate the hydraulic conductivity values 
emerging from the analyses, a predictive analysis was 
performed using the Theis recovery method. The Theis recovery 
method involves superposing an injection well on the 
withdrawal well at the time withdrawal ceased, and summing the 
drawdowns from each in order to simulate the recovery period. 
Actual data and the predicted drawdowns calculated using the 
modified Thiem analysis values are shown on Figure 3 .  

Clearly, the match shown on Figure 3 is not good, although the 
late time predicted rate of recovery is approximately equal to 
that indicated by the data (the match using the hydraulic 
parameters from the Theis/Jacob analyses was even worse). The 
major differences in Figure 3 occur in the early time, when 
the pumping rate produces a huge drawdown (significantly below 
the bottom of the well). This behavior (extremely large and 
unreasonable drawdown due to the measured pumping rate) is 
indicative of tight hydrogeologic conditions and dominance o f  
well bore storage effects in the hydraulic test. The 
importance of well bore storage effects means that Theis based 
analytical solutions are inapplicable. 

Cooper et al. (1967) 

Because the previous analyses indicate that steady flow from 
the formation at the measured flowrate probably did not occur, 
the method of Cooper et al. (1967) was applied. This method 
is a curve matching technique based on an analytical solution 
to the response of a finite-diameter well to an instantaneous 
injection of a volume of water. Application of this method to 
the 3-87BR test assumes that none of the produced water came 
from the formation. This is not unreasonable when it is 
considered the well bore storage volume is 2 . 3 4  gallons, which 
is nearly equal to the volume produced ( 2 . 3 2  gallons). 

. 
d 

0 

The Cooper et al. (1967) method is applied as follows. Data 
are first plotted as the logarithm of time in seconds against 
relative drawdown (Figure 4 ) .  The data are then matched to 
type curves (Figure 5 )  by shifting the data plot horizontally 
until the best match is obtained (The 3-87BR test data most 
nearly match the type curve for alpha = 0.001. This is 
thought to be a reasonable alpha in any event, because alpha 
is equal to the storage coefficient in the geometry of our 
problem). The time on Figure 4 corresponding to Tt/rc2 = 1.0 
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on Figure 5 when the data are matched is picked (58,231 
seconds). Transmissivity is calculated knowing the time at 
which Tt/rc2 = 1. 

The result of the match using our data is 

Transmissivity = 7.2~10'~ ft2/min, and 

Conductivity = 8.3~10'~ cm/s. 

These values are thought to be slightly low for the sandstone 
in the zone of completion. 

Result 

Based on the above described analyses, it is concluded that 
the hydraulic conductivities obtained from the Thiem recovery 
analysis and the method of Cooper et al. (1967) are probably 
both appropriate. Therefore, the geometric mean of the two 
values is reported as the result, 

Conductivity = 1.7~10'~ cm/s. 

a This value is reasonable for the material in the zone of 
completion. 
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Table 1. Bail-down/Recovery Test Data for Well 3-87BR 

Tested 06/18/87 beginning at 12:45 PM 

Bail for: 21 minutes 
Remove : 2.32 gallons 

Flowrate : 
Well dia: 2 inch 

.11 gallons per minute 

TIMES (minutes) WATER LEVELS (feet) 
Pumping Recovery Depth to Draw- 

Time Time Water down 

.o  
26.0 
27.0 
29.0 
31.0 
34.0 
36.0 
41.0 
46.0 
51.0 
56.0 
61.0 
81.0 

141.0 
1,061.0 

- 
5.0 
6.0 
8.0 
10.0 
13.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
60.0 
120.0 

1,040.0 

95.67 
109.82 
109.76 
109.71 
109.62 
109.55 
109.53 
109.45 
109.38 
109.33 
109.28 
109.23 
109.06 
108.64 
104.05 

- 
14.15 
14.09 
14.04 
13.95 
13.88 
13.86 
13.78 
13.71 
13.66 
13.61 
13.56 
13.39 
12.97 
8.38 

-= . 



Hydraulic Test Analysis Page 5 0 Well 3-87BR Rockwell International 

Table 2. Recovery Analysis using Modified Thiem 

BAIL-DOWN/RECOVERY TEST OF 3-87BR ON 06/18/87 

STATIC DEPTH TO WATER = 95.67 FEET 

LENGTH OF INFLOW = 4.4 FEET 

RUNNING 
DEPTH TO HYDRAULIC GEOMETRIC 

TIME WATER CONDUCTIVITY MEAN 
(min) (feet) (cm/s) (cm/s) 

0 

5.00 
6.00 
8.00 
10.00 
13.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
60.00 
120.00 

109.82 
109.76 
109.71 
109.62 
109.55 
109.53 
109.45 
109.38 
109.33 
109.28 
109.23 
109.06 
108.64 

4.48E-06 
8.10E-06 
4.223-06 
1.823-06 
2.92E-06 
2.57E-06 
1.843-06 
1.853-06 
1.85E-06 
1.593-06 
1.34E-06 
6.81E-05 

4.48E-06 
6.02E-06 
5.35E-06 
4.08E-06 
3.82E-06 
3.57E-06 
3.253-06 
3.03E-06 
2.873-06 
2.70E-06 
2.543-06 
3.34E-06 
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Figure 1. Linear Time v. Drawdown . 
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Figure 2. Theis/Jacob Straight-Line Match 
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Figure 3. Test Data v. Predicted Values 
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Figure 4. Log of Time v. Relative Drawdown . 
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Figure 5. Portions of the Cooper et al. (1967) Type Curves 
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HYDRAULIC TEST 
WELL 4-87 

Well 4-87 was tested for hydraulic conductivity estimation on 
June 8, 1987. The well was suction-pumped for 30 minutes 
using a peristaltic pump; the flowrate was 0.13 gallons per 
minute. Water levels were measured using a depth to water 
probe during the pumping period and for 40 minutes of 
recovery. Test data are presented in Table 1 and plotted on 
Figure 1. 

Theis/Jacob Straiaht-Line 

Both the drawdown and recovery data were analyzed using the 
Theis method (Theis, 1935) , coupled with the Jacob straight- 
line method (Cooper and Jacob, 1964). 

A straight-line match to the drawdown data was estimated as 
shown on Figure 2, yielding: 

Transmissivity = 1.5~10'~ ft2/minute. 

Assuming that the storage coefficient is 0.1 (the zone of 
completion is probably unconfined) , then 

u = 0 . 3  

at the end of the test (70 minutes) and is higher for earlier 
times; therefore the above Theis/Jacob analysis is not 
strictly applicable. 

A straight-line match to the recovery data was estimated as 
shown on Figure 3, yielding: 

x Transmissivity = 1.8~10'~ ft2/minute. 

Again, .u is too large, indicating the above Theis/Jacob 
analysis is not strictly applicable. 

Modified Thiem (Incremental Recoverv) 

The data were also analyzed using a well-bore storage 
dominated analytical routine based on a modification of the 
expression for steady radial flow to a well (the Thiem 
equation). Separate hydraulic conductivity values are 
calculated for the time between successive water level 
measurements using the standard Thiem expression except that 
the natural logarithm of the ratio of the radius of the well 
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to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 
2 and yield 

Conductivity = 6.6~10'~ cm/s 

Transmissivity = 7.9~10'~ ft2/min. 

These values are reasonably consistent with those obtained in 
the Theis/Jacob straight-line method. 

Theis Match 

In order to evaluate the reasonableness of the hydraulic 
conductivity value emerging from the analyses, a predictive 
analysis was performed using the Theis method. Drawdowns 
during the pumping period are calculated using the standard 
Theis expression. Recoverying water levels are predicted by 
superposing an injection well on the withdrawal well at the 
time withdrawal ceased, and summing the drawdowns from each. 

The match between the actual data and the predicted drawdowns 0 using the hydraulic values obtained from the Theis/Jacob 
analyses is shown on Figure 4 .  This match was obtained using 
the values 

Transmissivity = 1.5~10'~ ft2/min 

Storage = 0.1 

Clearly, the match is not very satisfactory. 

Because the discrepancies between the measured and predicted 
drawdowns in Figure 4 are thought to result from well bore 
storage effects, a match was also developed by varying the . flowrate (Figure 5 ) .  Although the match is fairly good, the 

r' resulting hydraulic values 

Transmissivity = 8 .  OX10'5 ft2/min 

Conductivity = 6.7~10'~ cm/s 

Storage = 0.1 

are unreasonable for the material in which the well is 
completed (sand and gravel); therefore, this analysis is 
rejected. The conductivity is calculated using an inflow 
length of 6.25 feet (sum of the sand and gravel thickness 
below the static water level). e . 
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Result 

Based on the above described analyses, it is concluded that 
the conductivity obtained in the Thiem recovery analysis is 
the most reasonable. This is because the Theis/Jacob result 
is too high (see match in Figure 4 )  and the value obtained by 
varying the flowrate to produce the best match (Figure 5 )  is 
unreasonable for the subsurface conditions. The value 
resulting from the Thiem analysis is reasonable or slightly 
low for sand and gravel. 

Conductivity = 6.6~10'~ cm/s 

Although, the test data do not respond well to these analyses, 
this value should be used as the result of the hydraulic test. 
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Table 1. Pumping Test Data for Well 4-87 

0 

.'I 

d= 

Tested 06/08/87 at 3:48 PM 
Pump for: 30 minutes 
Flowrate : .13 gallons per minute 

TIMES (minutes) WATER LEVELS (feet) 
Pumping 

Time 

.oo 

.25 

.50 
1.00 
1.50 
2.00 
2.50 
3.00 
4.00 
5.00 
6.00 
8.00 
10.00 
12.00 
14.00 
16.00 
18.00 
20.00 
25.00 
30.00 
30.28 
30.50 
31.00 
31.50 
32.00 
32.50 
33.00 
34.00 
35.00 
36.00 
38.00 
40.00 
42.00 
44.00 
46.00 
48.00 
50.00 
55.00 
61.00 
70.00 

Recovery 
Time 

.oo 

.28 

.50 
1.00 
1.50 
2.00 
2.50 
3.00 
4.00 
5.00 
6.00 
8.00 
10.00 
12.00 
14.00 
16.00 
18.00 
20.00 
25.00 
31.00 
40.00 

Depth to 
Water 

7.99 
8.11 
8.21 
8.40 
8.55 
8.68 
8.79 
8.92 
9.12 
9.30 
9.46 
9.81 
10.15 
10.41 
10.63 
10.83 
11.04 
11.27 
11.98 
12.64 
12.51 
12.42 
12.23 
12.06 
11.92 
11.80 
11.69 
11.54 
11.40 
11.31 
11.16 
11.02 
10.85 
10.71 
10.60 
10.48 
10.35 
10 10 
9.81 
9.49 

Draw-. 
down 

.oo 

.12 

.22 

.41 

.56 

.69 

.80 

.93 
1.13 
1.31 
1.47 
1.82 
2.16 
2.42 
2.64 
2.84 
3.05 
3.28 
3.99 
4.65 
4.52 
4.43 
4.24 
4.07 
3.93 
3.81 
3.70 
3.55 
3.41 
3.32 
3.17 
3.03 
2.86 
2.72 
2.61 
2.49 
2.36 
2.11 
1.82 
1.50 
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Table 2 .  Recovery Analysis using Modified Thiem 

RECOVERY ANALYSIS OF 2-87 P-TEST ON 06/15/87 

STATIC DEPTH TO WATER = 3 . 4 1  FEET 

e 

LENGTH OF INFLOW = 6 .25  

DEPTH TO 
TIME WATER 
(min) (feet) 

0 . 0 0  
0 . 2 5  
0 . 5 0  
1.00 
1 . 5 0  
2 . 0 0  
2 . 5 0  
3 . 0 0  
4 .00  
5 . 0 0  
6 . 0 0  
8 . 0 0  

1 0 . 0 0  
11.00 
1 2 . 0 0  
1 4 . 0 0  
1 5 . 0 0  
20 .00  
2 1 . 0 0  
2 2 . 0 0  
25 .00  . 3 0 . 0 0  

r' 35 .00  
100 .00  
1 5 5 . 0 0  
1 8 5 . 0 0  

1 1 . 6 1  
11 .58  
1 1 . 5 1  
11 .37  
11 .22  
1 1 . 0 8  
10 .92  
10 .77  
10 .49  
10 .23  

9 . 9 8  
9 . 6 0  
9 . 2 7  
9 . 1 6  
9 . 0 9  
8 . 9 2  
8 . 8 5  
8 . 5 0  
8 .44  
8 . 3 9  
8 . 2 1  
7 . 9 6  
7 . 7 1  
5 .12  
4 .23  
3 .93  

FEET 
RUNNING 

HYDRAULIC GEOMETRIC 
CONDUCTIVITY MEAN 
(cm/s) (cm/s) 

6.10E-05 
6 .18E-05 
6 .753-05  
6 .41E-05 
7 .48E-05 
7 .16E-05 
6 .88E-05 
6 633-05  
6 .623-05  
5 .283-05  
4.86E-05 
3 .363-05  
2 .17E-05 
2 .693-05  
2.27E-05 
2.36E-05 
2 .10E-05 
1 .773-05  
2.18E-05 
1.90E-05 
2 .00E-05 
2.35E-05 
2 .273-05  
2 65E-05 
2 .243-05  

6.10E-05 
6.14E-05 
6 .343-05  
6 .363-05  
6.573-05 
6 .663-05  
6.69E-05 
6.683-05 
6 .682-05  
6 .523-05  
6.353-05 
6.02E-05 
5 .573-05  
5 .293-05  
5.00E-05 
4 .773-05  
4.54E-05 
4 , 3 1 3 - 0 5  
4.16E-05 
4.00E-05 
3 .873-05  
3 .783-05  
3.70E-05 
3 .653-05  
3.58E-05 

4 
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Figure 1. Linear Time v. Drawdown 
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Figure 2. Theis/Jacob Straight-Line Match to Drawdown Data 
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Figure 3. Theis/Jacob Straight-Line Match to Recovery Data 
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Figure 4. Test Data v. Predicted Values using Transmissivity 
from Theis/Jacob Solution 

THElS MATCH FOR WELL 4-87 
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Figure 5. Test Data v. Predicted Value Match by Varying 
Discharge 
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HYDRAULIC TEST 
WELL 5-87BR 

Well 5-87BR was tested for hydraulic conductivity estimation 
on June 16, 1987. The well was bailed for approximately ten 
minutes using a 2-inch bailer; 2.2 gallons of water were 
removed. Water levels were measured before bailing began and 
as soon as possible after bailing ceased. Water level 
measurement continued for an additional 60 minutes. Test data 
are presented in Table 1 and plotted on Figure 1. 

Theis Recovery/Jacob Straisht-Line 

The data were analyzed using the Theis recovery method (Theis, 
1935), coupled with the Jacob straight-line method (Cooper and 
Jacob, 1964). A straight-line match was estimated as shown on 
Figure 2, yielding: 

Transmissivity = 6.9~10’~ ft2/minute. 

Assuming that the storage coefficient is 0.01 (permeable 
sandstone in the zone of completion is either unconfined or 
slightly confined), then 

0 
u = 0.09 

at the end of the test: therefore, the Theis/Jacob analysis is 
not strictly applicable, based on the u criterion. 

Modified Thiem (Incremental Recovery) 

The data were also analyzed using a well-bore storage 
dominated analytical routine based on a modification of the 
.expression for steady radial flow to a well (the Thiem 

f equation). Separate hydraulic conductivity values are 
calculated for the time between successive water level 
measurements using the standard Thiem expression except that 
the natural logarithm of the ratio of the radius of the well 
to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 
2 and yield 

Conductivity = 9.7~10’~ cm/s 

Transmissivity = 1. lX10’3 ft2/min. 

0 Values are calculated using an inflow length of 5.6 feet 
(saturated thickness of the sandstone in the completion 
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interval). These values are in fairly good agreement with 
those obtained in the Theis/Jacob straight-line match. . 
Theis Match 

In order to evaluate the hydraulic conductivity values 
emerging from the analyses, a predictive analysis was 
performed using the Theis recovery method. The Theis recovery 
method involves superposing an injection well on the 
withdrawal well at the time withdrawal ceased, and summing the 
drawdowns from each in order to simulate the recovery period. 
Actual data and the predicted drawdowns calculated using the 
modified Thiem analysis values are shown on Figure 3. 

The match shown on Figure 3 is fairly good, especially in the 
late times. However, in the early times, the pumping rate 

This produces a drawdown below the bottom of the well. 
behavior indicates the presence of well bore storage effects 
in the hydraulic test. The importance of well bore storage 
effects means that Theis based analytical solutions are 
inapplicable. 

e 

r' 

Result 

Based on the above described analyses, it is concluded that a 
geometric mean of the results from the Theis/Jacob and Thiem 
analyses is probably reasonable, 

Conductivity = ~ . O X ~ O ' ~  cm/s. 

This value is reasonable for the material in the zone of 
completion. 

REFERENCES 

Cooper, H.H., Jr., and C.E. Jacob, 1964, A Generalized 
Graphical Method for Evaluating Formation Constants and 
Summarizing Well-Field History, Transactions of the 
American Geophysical Union, Volume 27, pp. 526-534. 

c 

, 
Theis, C.V., 1935, The Relation between the Lowering of the 

Piezometric Surface and the Rate and Duration of Discharge 
of a Well using Groundwater Storage, Transactions of the 
American Geophysical Union, Volume 16, pp. 519-524. 
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Table 1. Bail-down/Recovery Test Data for Well 5-87BR 

Tested 06/16/87 

Bail for: 10 minutes 
Remove : 2.20 gallons 

0 

Ir 

I 

Flowrate: .22 gallons per minute 
Well dia: 2 inch 

TIMES (minutes) WATER LEVELS (feet) 
Pumping Recovery Depth to Draw- 

Time Time Water down 

00 
10.33 
11.12 
11.67 
12.25 
12.67 
13.17 
14.50 
15.50 
16.50 
17.50 
20.00 
22.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 

. 70.00 

- 
.33 

1.12 
1.67 
2.25 
2.67 
3.17 
4.50 
5.50 
6.50 
7.50 
10.00 
12.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 

46.87 
53.52 
53.17 
52.92 
52.61 
52.40 
52.29 
51.71 
51.35 
50.91 
50.44 
49.52 
48.95 
48.48 
48.14 
47.94 
47.82 
47.70 
47.61 
47.53 
47.47 
47.43 
47.38 

- 
6.65 
6.30 
6.05 
5.74 
5.53 
5.42 
4.84 

4.04 
3.57 
2.65 
2.08 
1.61 
1.27 
1.07 
.95 
.83 
.74 
.66 
.60 
.56 
.51 

4.48 
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Table 2. Recovery Analysis using Modified Thiem 

BAIL-DOWN/RECOVERY TEST OF 5-87BR ON 06/16/87 

STATIC DEPTH TO WATER = 46.87 FEET 

LENGTH OF INFLOW = 5.6 FEET 

RUNNING 
DEPTH TO HYDRAULIC GEOMETRIC 

TIME WATER CONDUCTIVITY MEAN 
(min) (feet) (cm/s) (cm/s) 

0.33 
1.12 
1.67 
2.25 
2.67 
3.17 
4.50 
5.50 
6.50 
7.50 
10.00 
12.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 

s' 

53.52 
53.17 
52.92 
52.61 
52.40 
52.29 
51.71 
51.35 
50.91 
50.44 
49.52 
48.95 
48.48 
48.14 
47.94 
47.82 
47.70 
47.61 
47.53 
47.47 
47.43 

1.46E-04 
1.793-04 
1.763-04 
7.953-05 
1.68E-04 
1.533-04 
2.04E-04 
2.44E-04 
2.343-04 
2.38E-04 
1.683-04 
9.35E-05 
6.77E-05 
4.70E-05 
5.343-05 
4.5431-05 
4.523-05 
3.77E-05 
2.733-05 
3 70E-05 

1.46E-04 
1.62E-04 
1.663-04 
1.38E-04 
1.44E-04 
1.453-04 
1.533-04 
1.623-04 
1.693-04 
1.753-04 
1.74E-04 
1.65E-04 
1.543-04 
1.42E-04 
1.333-04 
1.243-04 
1.17E-04 
1.10E-04 
1.02E-04 
9.70E-05 



0 

Hydraulic Test Analysis Page 5 
Well 5-87BR Rockwell International 

Figure 1. Linear Time v. Drawdown 
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Figure 2. Theis/Jacob Straight-Line Match 
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Figure 3. Test Data v.  Predicted Values . 
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HYDRAULIC TEST 
WELL 8-87BR 

Well 8-87BR was tested for hydraulic conductivity estimation 
on June 19, 1987. The well was bailed for approximately four 
minutes using a 2-inch bailer; 0.55 gallons of water were 
removed. Water levels were measured before bailing began and 
as soon as possible after bailing ceased. Water level 
measurement continued for an additional 318 minutes. Test 
data are presented in Table 1 and plotted on Figure 1. 

Theis Recovery/Jacob Straisht-Line 

The data were analyzed using the Theis recovery method (Theis, 
1935), coupled with the Jacob straight-line method (Cooper and 
Jacob, 1964). A straight-line match to the early time data 
was estimated as shown on Figure 2, yielding: 

Transmissivity = 3.5~10'~ ft2/minute. 

A straight-line match to the late time data yielded: 

Transmissivity = 2.1~10'~ ft2/min. 
0 

Assuming that the storage coefficient is 0.1 (permeable 
material in the zone of completion is lignite, which is 
unconfined), then 

u = 0.04 for T = 3.5~10'~ ft2/min, and 

u = 0.6 for T = 2.1~10'~ ft2/min 

at the end of the test. Therefore, the Theis/Jacob analysis 
is not strictly applicable, based on the u criterion. 

' Modified Thiem (Incremental Recoverv) 

The data were also analyzed using a well-bore storage 
dominated analytical routine based on a modification of the 
expression for steady radial flow to a well (the Thiem 
equation) Separate hydraulic conductivity values are 
calculated for the time between successive water level 
measurements using the standard Thiem expression except that 
the natural logarithm of the ratio of the radius of the well 
to the radius of influence of the test is assumed to equal 2 
times pi. The results of this analysis are presented in Table 0 2 and yield 

c 
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Conductivity = 2.5~10'~ cm/s 

Transmissivity = 1. O X ~ O ' ~  ft2/min. 

Values are calculated using an inflow length of 2.03 feet 
(saturated thickness of the lignite in the completion 
interval). These values are in fairly good agreement with 
those obtained in the Theis/Jacob straight-line match to the 
late time data. 

Theis Match 

In order to evaluate the hydraulic conductivity values 
emerging from the analyses, a predictive analysis was 
performed using the Theis recovery method. The Theis recovery 
method involves superposing an injection well on the 
withdrawal well at the time withdrawal ceased, and summing the 
drawdowns from each in order to simulate the recovery period. 
Actual data ar,d the predicted drawdowns calculated using the 
modified Thiem analysis values are shown on Figure 3. 

The match shown on Figure 3 is not very satisfactory. In the 
early times, the pumping rate produces a drawdown below the 

This behavior indicates that well bore 
storage effects are important in the hydraulic test and that 
some portion (probably all) of the pumping was from well bore 
storage. This means that Theis based analytical solutions are 
inapplicable. The only similarity between the predicted and 
observed drawdowns occurs in the late time period when the 
predicted rate of recovery appears similar to the observed 
rate of recovery. 

0 bottom of the well. 

Cooper et al. (1967) 

Because the previous analyses indicate that steady flow from 
the formation at the measured flowrate probably did not occur, 

. the method of Cooper et al. (1967) was applied. This method ' is a curve matching technique based on an analytical solution 
to the response of a finite-diameter well to an instantaneous 
injection of a volume of water. Application of this method to 
the 8-87BR test assumes that none of the produced water came 
from the formation. This is not unreasonable when it is 
considered that the production period only lasted for four 
minutes. In addition, the well bore storage volume is 0.55  
gallons, which is equal to the volume produced. 

The Cooper et al. (1967) method is applied as follows. Data 
are first plotted as the logarithm of time in seconds against 

The data are then matched to 
type curves (Figure 5) by shifting the data plot horizontally 

0 relative drawdown (Figure 4 ) .  
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until the best match is obtained (The 8-87BR test data most 
nearly match the type curve for alpha = 0.1). Tee time on 
Figure 4 corresponding to Tt/rc2 = 1.0 on Figure 5 when the 
data are matched is picked (49,173 seconds) . Transmissivity 
is calculated knowing the time at which Tt/rc2 = 1. 

The result of the match using our data is 

Transmissivity = 8.5~10'~ ft2/min. 

Result 

Based on the above described analyses, it is concluded that 
the value developed in the Cooper et a1 (1967) analysis is the 
most appropriate value, i.e., 

Transmissivity = 8.5~10'~ ft2/min, and 

Conductivity = 2.1~10'~ cm/s. 

This value is reasonable for the material in the zone of 
completion. 0 
REFERENCES 
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Table 1. Bail-down/Recovery Test Data for Well 8-87BR 

TesTed 06/19/87 beginning at 6:55 AM 

Bail for: 4 minutes 
Remove : .55 gallons 

.. 
Flowr  ate : .I4 gallons per minute 
Well dia: 2 inch 

TIMES (minutes) WATER LEVELS (feet) 
Pumping Recovery Depth to Draw- 

Time Time Water down 

.oo  
4.00 
5.25 
6.00 
6.40 
7.00 
9.00 
12.00 
14.00 
19.00 
24.00 
106.00 
202.00 
262.00 
322.00 

- 
.oo  

1.25 
2.00 
2.40 
3.00 
5.00 
8.00 
10.00 
15.00 
20.00 
102.00 
198.00 
258.00 
318.00 

87.97 
91.30 
91.18 
91.16 
91.13 
91.11 
91.03 
90.93 
90.88 
90.81 
90.72 
90.36 
90.14 
90.06 
89.93 

- 
3.33 
3.21 
3.19 
3.16 
3.14 
3.06 
2.96 
2.91 
2.84 
2.75 
2.39 
2.17 
2.09 
1.96 
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Table 2. Recovery Analysis using Modified Thiem 

BAIL-DOWN RECOVERY TEST O F  8-87BR ON 06/19/87 

STATIC DEPTH TO WATER 87.97 FEET 

LENGTH OF INFLOW = 2.03 FEET 

RUNNING 
HYDRAULIC GEOMETRIC DEPTH TO 

TIME WATER CONDUCTIVITY MEAN 
(min) (feet) (cm/s) (cm/s) 

0.00 
1.25 
2.00 
2.40 
3.00 
5.00 
8.00 
10.00 
15.00 
20.00 
102.00 
198.00 
258.00 

91.30 
91.18 
91.16 
91.13 
91.11 
91.03 
90.93 
90.88 
90.81 
90.72 
90.36 
90.14 
90.06 

4.55E-05 
1.29E-04 
5.783-05 
7.04E-05 
6.053-05 
4.65E-05 
2.66E-05 
3.523-05 
9.333-06 
5.493-06 
3.42E-06 
5.84E-06 

4.553-05 
7.66E-05 
6.973-05 
6.99E-05 
6.793-05 
6.383-05 
5.633-05 
5.31E-05 
4.373-05 
3.553-05 
2.873-05 
2.523-05 
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Figure 1. Linear Time v. Drawdown 
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Figure 2. Theis/Jacob Straight-Line Match 
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Figure 3. Test Data v. Predicted Values 
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I 

Figure 4. Log of Time v. Relative Drawdown 
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WELL 54-86 

WELL CONSTRUCTION SUMMARY 
ELEVATION: GROUND LEVEL 6103.39' 

TOPOF CASING 6105*03' 
LOCATION or COORDS: 

21 32296.9 E 15216.1 

CON!ZRUCTION TIME L O G :  DRILLING SUMMARY: 

TOTAL DEPTH Well: 85.25' 
 OREH HOLE DIAMETER 0.00' - 49.50' : 5 518" 
49.50' - 97.00': 4 314" 
DRILLER Bovles Brothers Drilling Co. 

15865 W. 5th Avenue 
Golden. CO (Tun Hi&. Jim Horn) 

Hole: 97.00' - START FINISH 
TASK - 

Tf l  

1655 

WE 
1986 
9 /22 
1019 

10/13 
- 

TlME 

12 IO 
I249 

.L222 
- 
- 

DATE 
1986 
9 /22 

10110 
10/13 
- 

- 

DRILLING: 

Nc Core 

G EOPWYS LOGGING: 

CAS I NG: 
5" st-1 

2" StainlPSS 

1100 

1056 
- 

9 122 1655 9 /22 12 10 49.-50' - 97.00': Carbide bit. tricone bit 
DRILLING FLUID none IO/ 16 

10/16 
10/17 - 

10/16 
10/16 

1245 10/16 

10/16 
10116 

10116 
10116 

1215 

1209 
1550 

I4 15 
I145 - 

14 15 
0946 

SURFACE CASlNG5" x 49.70'steei w/ locking CaD 
WELL D E S I G N :  

FILTER PLACEMENl 

CEMENTING: 
C.NELCPMENT: 

OTHER: 
Bentonite 

BASIS: GEOLOGIC LOG x GEOPHYSICALLOG - 
WSING STRING(S): C=CASING S-SCREEN 

o.oo'47.7o'LL - 
o.oo'-75.43'L - 
75.43'- 85.24' SI - 

--- 
- -- 

- -- - -- 

1550 
1209 

- 
WELL D E V E L O P M E N T  

CASING: C I  5" I.D. steel surface casinp 
c2 2" I.D. Sch. 5 tyw 316 stain- 

less steel, threaded and flush 
iointed. 
2" I.D. Sch. 5 twe 316 stain- 
less steel, threaded and flush 
jointed, 0.010" wire wrap screen 
0.25' welded bottom cap. 

SCREEN: SI 
' 

CENTRALIZERS (see 

COMMENTS: 

Water encountered at 32' during drilling. 

TOD of stainless steel casin~: 1A4' 

Cave fm TD to 89.60' FILTER MATERIAL 32-42 Silica sand 
74.20' - 85.75' 

CEMENT Portland I 

OTHER 318" bentonite Delle tS 
4 

0.00'- 72.00' 

85.75' - 89.60' 

3 
0 
a 
n in NC rods. n o centralizers used, 

CON S U LTI N G HY D R OLOG I STS - G EO L O  G I STS 



0 

e 

4 

0 

Proloct: Rocky Flats Plant ILOG OF BORING NO. 5~ 

Coordinate6 !: 3 2 2 5 9 . 5  E 1 5 2 1 7 . 2  
Ground S u r f a c o  Efovatlon 6 10 3 . 6  2 

ROCKY FLATS UUJVRJH 

o-3.0t-Cuttings. 
BOULDERS: quartzite: dry. 

3 . O-4.0 * -Cuttings. 
light brown ( S Y R  5/11 ; 
silty: semi-plastic; 
unconsolidated; damp. 

4.0-26.0'-CuttingS. 
GRAVEL: moderate brown 
(SYR 4 / 4 ) :  granite and 
quartzite pebbles, cobbles 
and boulders with coarse 
to vary fine-grainad 8and; 
poorly sorted: 
unconsolidated: damp. 

CLAY : 

Remark8 Logpi by: T. Culliver 

Other 
Tests 



I' 

Project: pocky Flats Plant LOG OF BORING NO. 55-86 

Date Drilled 9/29/86 Coordinate8 x 3 2 2 5 9 . 5  E 1 5 2 1 7 . 2  

Boring Method Casing Driver Ground Surface Elevation 6 1 0 3 . 6  2 

26.0-27.Oi-Cutting8. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) ;  granitic 
pebbles and cobbles with 
very fine-grained silty 
sand; poorly sorted; 
unconsolidated; damp. 

27.0-32.0i-Cuttinga. 
BOULDERS: granite and 
quartzite; damp. 

32.0-33.0i-Cuttings. 
BOULDER: granitic; damp. 

Remark8 Lo& by: T. Gulliver 

Den t atloi R e dd anc 
:B&wd Inch 

20 40 m 



40 

50 

.a 

'70 

~ 

GEOPmS LOGGING: 

2" stainless 
CASING: 

-80 

.9Q 

.I00 

- - - - - 
9/29 1705 9/29 1710 

WELL 55-86 

WELL CONSTRUCTION SUMMARY 
LOCATION Of CWRDS: 

N 32259.5 E 15217.2 
ELEvAT~ON: GROUND L M L  h i n u ? '  

TOPOF CASING 6 1 0 5 * 8 1 '  

DRILLING SUMMARY: 

TOTAL DEPTH 36.39' blp: 36.9 '  
BOREHOLE DIAMETER 5 518" 

DRILLING FLUID kw 
~ _ _ ~  

SURFACE CASING4" X 4.75' str-1 w/ loch 

WELL DESIGN: 

BASIS: GEOLOGIC LOG 

CWWG STRING(S): C: CASING StSCREEN 
GEOPHYSICaA LOG - 
--- 0.00' 3.55' c1 

- 

- 
I -  -- - -- 

CASING: C I  2'' %I 316 stairr 
less steel, threaded and flush 
iointed. 

SCREEN: S I  2" I .D.  !kh. 5 t m  316 stairr 
less steel, threaded and flush 

CENlRAlIZERS - m s  t w  Str-1 
31.81' - 75.04' 

~ L ~ E R  tdAmI,cL 32-42 silica sad 

CEMENT portlad * I 
2.48' - 36.50' 

0.00' - 1.80' 

1.80' - 2.48' 
OTHER 3/8" bentonite wllets 

HYDRO- S EA RC H RENO.DENVER 

CONSIRUCTION TIME LOG: 
I START I FINISH 

TASK 
7 

DRILLING: 

I-I-I-I- 

I-I-I-I- 

OTHER: 
btonite 9/30 1100 9/30 1105 I I-1-1- 

See Well Develomnt Sumnr~ Sheet. 

COMMENTS: 

d r i l l k .  

stPe1 d o :  2 .19 '  

I 

CONSULTING HYDROLOGISTS-GEOLOGISTS 
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SURFACE WATER SAMPLING 
ORGANIC RESULTS 
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ATTACHMENT G 

SEDIMENT SAMPLING RESULTS 

Responses to EPA Comments on the Draft 881 Hillside RI/FS Report Dated 3/1/88 
24 February 1989 Attachment G 



i 

........................................................................................................................... 
Sanple Information 

8608-019-00018L 
LAB BLANK 8/13 
08/13/86 
Uater 
UG/L 
................... 

8608-019-001 
SED0508860 
08/1 1/86 
soi 1 
UG/KC 
............. 

Toluene-ds: 102 x 103 X 101 x 103 X 

1,2-0ichloroethane-d: 98 X 102 x 98 X 98 X 
Bromof luorobenzenc: 100 X 100 x 99% 93 X 

........................................................................................................................... 
Ana 1 ytes 

Chloromethane ...................... 
Brcmomethane ....................... 
Vinyl Chloride ..................... 
Chloroetha ne....................... 
Methylene Chloride ................. 
Acet One.. . . . . . . . . . . . . . . . . . . . . . . . . . .  

1,l-Dichloroethene. ................ 
1,l-Dichloroethane ................. 
Trans-l,2-Dichloroethe ne.. . . . . . . . . .  

ChLorofo rm......................... 
1,2-Dichloroetha ne................. 
2-Butano ne. . . . . . . . . . . . . . . . . . . . . . . . .  
1,l.l-Trichloroetha ne. . . . . . . . . . . . . .  
Carbon Tetracnioride...... ......... 
Vinyl Acetate ...................... 
Eromodichlorometha ne............... 
1,2-Dichloropropane ................ 
Trans.l,3-Dichloropro penc.......... 
Tr i ch loroethm.. 
Dibromochlorantha ne............... 
1,1,2-Trichloroethane .............. 
Benze ne............................ 
cis- 1.3-0 i chloropropcnc. ........... 
2-Chloroethylvinylether ............ 
Eranoform .......................... 
4-Methyl-2-pentanone ............... 

0 
Carbon Disulfide ................... 

r' .................. 

2-Hexanone ......................... 
Tetrachloroethm .................. 
1,1,2,2-Tetrachlorwthane.......... 
Toluene ............................ 
Chlorobenze ne...................... 
E thy1 benzene. ...................... 
Styre ne. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total Xylenes ...................... 

0 
. .  

10.00 u 
10.00 u 
10.00 u 
10.00 u 

3 J  
50 E 

5-00 u 
5.00 u 
5-00 u 
5-00 u 
5.00 u 
5.00 u 
10.00 u 
5.00 u 
5-00 u 
10.00 u 
5.00 u 
5.00 u 
5.00 u 
5.00 U 
5-00 u 
5.00 u 
5-00 u 
5.00 u 
10.00 u 
5.00 U 
10.00 u 
10.00 u 
5.00 U 
5.00 u 
5.00 u 
5.00 u 
5-00 u 
5-00 u 
0.00 u 

10 u 
10 u 
10 u 
10 u 
3 J  
39 B 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
s u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
o u  

10 u 
10 u 
10 u 
10 u 
1 J  
57 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

9.5 J 
5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 
6 J  

1.8 J 
5 
5 
5 
5 
5 
5 
5 

10 u 
10 u 
10 u 
10 u 
5 u  
25 B 
5 u  
5 u  
s u  
s u  
5 u  
5 u  
10 u 
5 u  
5 u  
10 u 
5 u  
5 u  
s u  
3 J  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

' 5 u  

\ 

-= 



.. 
Surrogate Recovery 

BFU Batch ID: 
Customer ID: 

Collection Date: 
Matrix: 
Units: 

Toluene-d: 101 x 
Branoflwrobenzene: 98 x 

1,2-Dichloroethanc-d: 102 x 

102 x 
98 x 
103 X 

8608-024-022 
SED0708860 
08/12/86 
Soi 1 
UG/KG -------....-..--- 

110 x 
105 x 
100 x 

8608- 026-025 
SED0808860 
08/12/86 
soi 1 
UG/KC -..._....-----. 

102 x 
94 x 
102 x 

Ana 1 ytes 

Chloromethane.. . . . - . . . . . . . . . . . . . . . . 
Branomethane.. . . . . . . . . . . . . . . . . . . . . . 
Vinyl Chloride ..................... 
Chloroethane. .. . . . . . . . . . . . . . . . . . . . . 
Methylene Chloride.. .. . . .. . . .. . . . . . 
Acetone ............................ 
Carbon Disulfide. .................. 
1,l-Dichioraeth me...... . . . . . . . . . . .  
1, l  -Dichlotoethane. .. . . . . . . . . . . . . . . 
Trans- 1,2-D i ch lorwthme.. . . . . . . . . . 
Chlorofo nn......................... 
1,2-Oichloroetha ne................. 
2-Buta now...... . . . . . . . . . . . . . . . . . . .  
l,l,l-Trichloroetha ne.............. 
Carbon Tetrachloride... ........,.... 
Vinyl Acetate ................... . .. 
Bromodi ch lorcinethane.. . . . . . . . . . . . . . 
1,2-Dichloropropem .... . .. . . . . . . . . . 
Trans-1.3-Dichloropr opem.......... 
Tr ichloraethene.. . . . . . . . . . . . . . . . . . . 
Dibromochlorometha ne............... 
1,1,2-Trichlorwthane .............. 
Benzene.... ........................ 
cis-1.3-Dichloropr openc............  
2-Chlorcethylviny\ether ...... :..... 
Branof orm.. . . . . . . . . . . . . . . . . . . . . . . . . 
L-Methyl-2-pentanone ............... 
2-Hexanone.. . .. . .. . .. . . . . .. . . . . . . . . 
Tetrachloroethene.. . . . . . . . . . . . . . . . . 
1,1,2,2-Tetrachloroethane.. . . . . . . . . 
Tolw ne............................ 
Chlorobenze ne...................... 
Ethylbenze ne....................... 

Styrene. ........................... 
Total Xylenes.. .................... 

'. 5 0 

r' 

e 

10 u 
10 u 
10 u 
10 u 
3 J  
69 B 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
10 u 
10 u 
10 u 
1 J  

106 
1 J  
5 u  
5 u  
5 u  
5 u  
5 u  

5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

19 

10 u 
10 u 
10 u 
10 u 
2 J  

2 J  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

173 

10 u 
10 u 
10 u 
10 3 

2 J  

5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
s u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

114 

4 



0 

Sample Information 

BFU Batch ID: 8608-024-028 8608-027-0001BL 

Customer ID: S E D O Q O W  LAB BLANK 8/15 

Collection Date: 08/12/86 08/15/86 
Matrix: Soil Water 
Units: UG/KG UG/L 

--------.-------.---__________________._~.~--~~~~~.~.--------...-----.-....----- 
Surrogate Recovery 

8608-027-001 
SED1108860 
08/13/86 
Soi 1 
UG/KG 

8608-027-004 
SED1208860 
08/13/86 
Soi 1 
UG/KG 
--............ 

thloranth .......................... 
Bromanetha ne. . . . . . . . . . . . . . . . . . . . . . .  
Vinyl Chlori de..................... 
Chloroetha ne.. . . . . . . . . . . . . . . . . . . . . .  
Methylene Chloride ................. 
Acet one............................  
Carbon Disulfi de................... 
1,l-Dichloroethe ne . . . . . . . . . . . . . . . . .  
1,l.Dichloroetha ne. . . . . . . . . . . . . . . . .  
Trans-l,2-Oichloroethene........... 
Chlorofo rm......................... 
1,2-Dichloroethane ................. 
2-Butan ooe.. . . . . . . . . . . . . . . . . . . . . . . .  
l,l,l-Trichloroethane.............. 
Carbon Tetrachloride............... 
Vinyl Acetate ...................... 
Bromodichloromethene.. . . . . . . . . . . . . . 
1,2-Dichloropropane.....,.......... 
Trans- 1 ,3 -D i ch 1 oropropene. . . . . . . . . . 
Trichlorocth ...................... 
Dibromochloromethane............... 
1,1,2-Trichloroethane.............. 

cis-1,3-Dichloropropene............ 
2-Chloroethylvinylether............ 
Brotmfo rm.......................... 
4-Methyl-t-pentanone.............., 
2-Hexano ne......................... 
Tetrachloroeth ere.................. 
1,1,2,Z-TetrachLoroethane.......... 
Toluene ............................ 
Chlorobenzene ...................... 
Ethylbenzene ....................... 
Styrene ............................ 
Total Xylenes ...................... 

I 

r' 

Benz ere...............,..........., 

0 

10 u 
10 u 
10 u 
10 u 
1 J  

140 
- 5  u 

5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
10 u 
10 u 
10 u 
5 u  
41 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
5 u  

10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
10 u 
10 u 
10 u 

2 J  

5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

5 u  
5 u  

10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
5 u  

10 u 
10 u 
5 u  
5 u  
1 J  
5 u  
1 J  
5 u  
7 J  

167 

12 

10 u 
10 u 
10 u 
10 u 
5 u  

39 
5 u  
5 J  
5 u  
5 u  
5 u  
5 u  

10 u 
5 u  
5 u  

5 u  
5 u  
5 u  
4 J  
5 u  
5 u  
3 J  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 
4 J  
5 u  
5 u  
5 u  

10 u- 



-----.--.-...--*-- 
Surrogate Recovery 

BFU Batch ID:  

Customer ID:  
Collection Date: 

Matrix: 
Units: 

.------..------.- 

8608-027-007 
SED1208861 
08/13/86 
Soi 1 
U W K C  ______--___..-_ 

8608-027- 013 8608.027-016 
SED0208860 SED01 08861 
08/13/86 08/13/86 
Soi L Soi 1 
UG/KG UC/KG 

_____ . __ . . . _ . . _ . - . - _ __ - - . . . . . . _ . - - - - - I .  

Chloranetha ne. . . . . . . . . . . . . . . . . . . . . .  
Brancinethane.. ..................... 
Vinyl chloride ..................... 
Chlorwtha ne. . . . . . . . . . . . . . . . . . . . . . .  
Methylene Chloride ................. 
Acetone... ......................... 
Carbon Disulfide ................... 
1,l-Dichlorocth me.. . . . . . . . . . . . . . . .  
1.1-Dichloroetha ne................. 
Trans-1,2-Dichlorocthe ne..,....... . .  
Ch torof orm.. . . . . . . . . . . . . . . . . . . . . . . . 
1,2-Dichloroetha ne.. . . . . . . . . . . . . . . .  
2- But anone.. . . . . . . . . . . . . . . . . . . . . . . . 
1,l.l-Trichloroetham .............. 
C a r h  Tetrachloride. .............. 
Vinyl Acetate...... ................ 
Bromodichlorcmctha ne.. . . . . . . . . . . . . .  
1 ,2-Dichloropropilne.. . . . . . . . . . . . . . . 
Trans-1,3-Dichloropro pene.......... 
Trichloroeth enc.. . . . . . . . . . . . . . . . . . .  
Dibromochloromethane. .............. 
1,1,2-Trichloroethe ne... . . . . . . . . . . .  
Benzene............................ 
cis-l,3-Dichloropro pene............ 
2-Chloroethylvinylether ............ 
Bromoform........... ............... 
4-Methyl-2-pentanone ............... 
2-Hexanone ......................... 
Tetrachloroethene..... ............. 
1,1,2,2-Tetrachloroetha ne.. . . . . . . . .  
Toluene ............................ 
Chlorobenze ne . . . . . . . . . . . . . . . . . . . . . .  
Ethylben zene....................... 
Styrene ............................ 
Total Xylen es . . . . . . . . . . . . . . . . . . . . . .  

{ .. 
I 

I 

. e  

99% 94 x 105 x 105 x 
97 x 104 x 85 X 95 x 
91 % 8 6 %  91 X 101 x 

............................................................................... 

lo u 
10 u 
10 u 
I O  u 
5 u  

21 B 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
5 u  
5 u  

10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
5 u  

10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
10 u 
10 u 
10 u 
5 u  
47 B 
5 u  
s u  
5 u  
5 u  
5 u  
5 u  

10 u 
5 u  
5 u  

10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
10 u 
10 u 
10 u 
5 u  
9 8  
5 u  
5 u  
5 u  
5 u  
s u  
5 u  

10 u 
5 u  
5 u  

10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
10 u 
10 u 
10 u 
5 u  
15 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
5 u  

10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

c 



BFU Batch ID: 8608-027-019 8608-041-0001BL 
Customer ID: SED0108860 LAB BLANK 8/21 

Collection Date: 08/13/86 01/26/86 
Matrix: Soil Uater 
Units: UG/KG UG/L ------------.--._--.--._-__________.~-------.-------.-..-----.----.-------------- 

Surrogate Recovery 

8608-041 -051 
SED0308860 
08/19/86 
Soi 1 
UG/KG 

8608-044-0001BL 
LAB BLANK 8/22 
08/22/86 
Ueter 
UG/L .-------.-..-- 

Chloromctha ne. . . . . . . . . . . . . . . . . . . . . .  
Branunetha ne. . . . . . . . . . . . . . . . . . . . . . .  
Vinyl Chloride ..................... 
Chloroethan. ...................... 
Methylene Chloride ................. 
Acet one............................  
Carbon Disulfi de................... 
1,l-Dichloroeth me.......... . . . . . . .  
1,l-Dichloroetha ne... . . .. . . . . . . . . . . 
Trans- 1 ,2-Dichloroethme.. . . . . . . . . . 
Chlorofo rm......................... 
1,2-Dichloroetha ne. . . . . . . . . . . . . . . . .  
2-Buta none......................... 
1,l.l-Trichloroethane ............., 
Carbon Tetracnlori de............... 
Vinyl Acetate ...................... 
Braodichloranctha ne.. . . . . . . . . . . . . .  
1,2-Dichloropr open................ 
Trans- 1,3-D ich toropropene. . . . . . . . -. 
Tr i ch Loroethme.. . . . . . . . . . . . . . . . . . . 
Dibromochloranetha ne. . . . . . . . . . . . . . .  
1,1,2-Trichloraethen .............. 
Benzene ............................ 
cis- 1.3-Dichloropropene.. . . . . . . . . . . 
2-Chloroethylvinylether. ........... 
Bromoform ........................... 
4-Methyl-2-pentanone ............... 
2-Hexanone.. ... . . . . . . . . . . . . . . . . . . . . 
letrachloroethene .................. 
1,1,2,2-Tetrachloroethane.. .. .. . ... 
Toluene ............................. 
Ch lorobentene.. . . . . . . . . . . . . . . . . . . . . 
Et hylbenzene.. . . . . . . . . . . . . . . . . . . . . . 
Styrene ............................. 
Total Xylenes ...................... 

I 

r' 

e 

10 u 
10 u 
10 u 
10 u 
5 u  
85 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
10 u 
10 u 
10 u 
10 U 
9 J  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
s u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
10 u 
10 u 
10 u 
90 

240 
5 u  
s u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
10 u 
10 u 
10 u 
2 J  
13 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
5 u  

5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  

10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u-- 



BFU Batch ID: 8608-044-031 8608-044-034 8M)8~056-00016L 
Customer ID: SED1408861 SED 1408860 BLANK 

Collection Date: 08/20/86 08/20/86 / /  
Matrix: Soil Soi 1 Water 
Units: UWKG UG/KG UG/L 

Surrogate Recovery 

8608- 056- 031 
~~~1008860 

08/22/86 
Soi 1 
UG/KG 
..*_..--.-.--- 

Chloranthane.. . . . . . . . . . . . . . . . . . . . . 
Eranomethane ....................... 
Vinyl Chloride ..................... 
Chlorocthane.. . . . . . . . . . . . . . . . . . . . . . 
Mcthylm Chloride... .............. 
Acet one............................  
Carbon Disulfi de................... 
1,l-Dichlorocthm ................. 
1,1-Dichlorocthan ................. 
Tr~lo-1.2-Dichloroethm. .... . . .. . . 
Chloroform ......................... 
1,2-Dichloroetha ne..... . . . . . . . . . . . .  
2-Buta none......................... 

1,l.l-Trichloroethane .............. 
Carbon Tetrachloride.. . . . . . . . . . . . . . 
V i n y l  Acetate ...................... 
BraaDdichloranethana............... 
1,2-Dichloropr  ne................ 
Treno-l,3-Dichloropr opene.......... 
Trichloroeth ...................... 
Dibraochlorometha ne... . . . . . . . . . . . .  
1.1.2-Trichlorocthane. ............. 
cis-1,3-Dichlor~pr~ ............ 
2-Ollorocthylvinylether.. . . . . . . . . . . 
Bramfo ............................ 
4-Methyl-t-pentanone ............... 
Tetrachloroethe ne . . . . . . . . . . . . . . . . . .  
1,1,2,2-Tetrachloroethane.......... 
Toluene ............................ 
Chlorobenzene ...................... 
Ethylbenzene.. . . . . . . . . . . . . . . . . . . . . . 
Styr ere. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total Xylenes ...................... 

e 

r' 

B m z  cn............................ 

2- Hexanone.. . . . . . . . . . . . . . . . . . . . . . * * 

0 

10 u 
10 u 
10 u 
10 u 
14 
82 
25 
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
1 J  
5 u  
10 u 
5 u  
5 u  
5 u  
1 J  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
10 u 
10 u 
10 u 
4 J  
89 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
5 u  
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

10 u 
10 u 
10 u 
10 u 

28 
5 u  ' 
3 J  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
5 u  
10 u 
5 u  
5 0  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
5 u  
10 u 
10 u 
5 u  
5 u  

5 u  
5 u  
5 u  
5 u  

12 

11 u 
11 u 
1 1  u 
11 i) 

31 
55 B 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  

1 1  u 
5 u  
5 u  

11 u 
5 u  
5 u  
5 u  
1 J  
5 u  
5 u  
5 u  
5 u  

11 u 
5 u  

11 u 
11 u 
5 u  
5 u  
1 BJ 
5 u  
5 u  
5 u  
5 u  

- 



. 



RFU Batch ID:  8608-045-001 8608-045-002 8608-045-005 BL 8608-046-001 

Customer IO: SED0508860 SED0508861 BLANK SED0608860 

Matrix: Soil Soi 1 Water soi 1 

Units: UG/KG UG/KG UG/KG UWKG 

Lab PA Code: C C 8 C 
Dilution Factor: 35 35 35 40 

........................................................................................................................... 
Surrogate Recovery 

2-Fluorophenol: 38 X 41 X 71 X 48 X 
Phenol-d5: 32 X 38 X 53 X 41 X 

2,4,6-Br3-Phenol: 38 X 4 %  36 X 51 X 
Nitrobenzene-d5: 36 X 36 X 66% 52 X 

p-Terphenyl-d14: 38 X 44 X 56 X 46 X 
2-Fluorobiphenyl: 50 X 58 % 82 X 6 4% 

........................................................................................................................... 
Anal ytes 

Phenol ............................. 
bis(2-Chloroethy1)Ether ............ 
2-chlorophenol.. ................... 
1,3-Oichlorobenzene................ 
1,4-O ich lorobenrene.. .............. 
Benzyl Alcohol ..................... 
1.2-Oichlorobenz en.......... . . . . . .  
2-Methy 1 phenol.. ................... 
bis(2-Chloroisopro~l Ether.. ...... 
L-Methykphenol ...... 
N-Nitroso-di-n-propy 

Hexachloroethane.. .. 
Nitrobenre ne........ 
fsmorone .......... 

: 2-Nitrophenol ....... 
r' 2,4-Dimethylphenot .. 

Benzoic Acid... ..... 

.............. 
mi ne.. ....... 
.............. 
.............. 
.............. 
.............. 
.............. 
.............. 

bis(2-Ch1oroethoxy)Hethane.. ....... 
2,4-Oichlorophenol.... ............. 
1,2.4-Trichlorobenzene ............. 
Naphthalene ........................ 
4-Chloroaniline .................... 
Hexachlororbutadiene............... 
4-Chloro-3-methylphenol ............ 
2 -Methyl naph the lem.. .............. 
Hexac h 1 orocyc 1 opent adi ene .......... 
2,4,6-Trichlorophenol.. ............ 
2,4,5 . T r i ch lorophenol .............. 
2-Chloronaphthalene ................ 
2-Nitroani Line ..................... 
Dimethyl Phthalate. ................ 

350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 
350 
350 
350 
350 
350 
350 
1800 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
1800 u 
350 U 
1800 u 
350 U 

350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 
350 
350 
350 
350 
35 0 
350 
1000 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
1800 u 
350 U 
1800 u 
350 U 

350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 
350 
350 
350 
350 
350 
350 
1800 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
1800 u 
350 U 
1800 u 
350 U 

400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 
400 
400 
400 
400 
400 
400 
2000 

U 
U 
V= 
U 
U 
U 
U 
U 

400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
20 J 
400 U 
400 U 
2000 u 
400 U 
2000 u 
400 U 



UESTON ANALYTICS 
GC/MS DATA SUMMARY 

Semivolatile HAZARDOUS SUBSTANCE LIST COMPOUNDS . 
==============t------------------------------------------------- .......................................................... -------------------------------------------------=---------------------------------------------------------- 
RFU Batch Umber: Client: ROCKWELL (ROCKY FLATS) Page: 2 

Sanple Information 

........................................................................................................................... 

RFU Batch ID: 8608-045-001 8608-045-002 8608-045-005 BL 8608-046-001 

Customer IO: SED0508860 SED050886! BLANK SED0608860 

Matrix: Soil Soi 1 Uater Soi 1 

Units: UG/KG UG/KG UG/KG UG/KG 
Lab PA Code: C C B C 

Dilution Factor: 35 35 35 40 
........................................................................................................................... 
Ana 1 ytes 

Acenaphthyle ne. . . . . . . . . . . . . . . . . . . . .  
3-Nitroaniline ..................... 
Acenaphthene... .................... 
4-Nitrophenol ...................... 
Dibentofuren.. ..................... 
2.4-Dinitrotol wne.. . . . . . . . . . . . . . . .  
2,6-Dinitrotol uene................. 
Oiethylphthalete ................... 
4-Chlorophenyl-phenylether ......... 
Fluore ne. . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-Nitroanili ne. . . . . . . . . . . . . . . . . . . . .  
4,6-Dinitro-2-mthylphhmol......... 

N-Nitrosdiphenylamine ............. 
4-Brcmophenyl-phenylether .......... 
Hexachlorobenrm............ ....... 
Pentachlorophenol .................. 
Phenanthre ne....................... 
Anthrace ne......................... 
di-n-Butyl Phthalate..... .......... 
Flwranthm ....................... 
Pyre ne. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. Butyl Benzyl phthalate....... ...... 
3,3'-Dichlorobenzidi ne............. 
Benzo(elAnthracnw...... ........... 
bis(2-EthylhexyllPhtha~ate.. ....... 
Chrys me........................... 
di-n-Octyl Phthalate ............... 
Benro(b)Fluoranth me... . . . . . . . . . . . .  
Benzo(k)FIuorsnth em............... 
8enzoCa)Pyre ne..................... 
Indeno(l,2,3-cdlPyre ne. . . . . . . . . . . . .  
D ibenz(a, h1Anthracene.. ............ 
Benzo(g,h,i)Pcrylene ............... 

2.4-Dinitrophenol .................. 

r' 

350 U 
1800 u 
350 U 

1800 u 
1800 u 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 

1800 u 
1800 u 
240 JB 
350 U 
350 U 

1800 u 
350 U 
350 U 
350 il 
350 U 
350 U 
350 U 
700 u 
350 U 
350 U 
350 U 
350 U 

350 U 
350 U 
350 U 
350 U 
350 U 
350 U 

350 U 
1800 u 
350 U 

1800 u 
1800 u 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 

1800 u 
1800 u 
210 JB 
350 U 
350 U 

1800 u 
350 U 
350 U 
70 J 
350 U 
350 U 
350 U 
700 u 
350 U 

7 O J  
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 

350 U 
1800 u 
350 U 

1800 u 
1800 u 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 

1800 u 
1800 u 
320 J 

350 U 
350 U 

1800 u 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
700 u 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 
350 U 

400 U 
2000 u 
240 J 
2000 u 
2000 u 
160 J 
400 u 
400 u 
400 u 
400 u 
160 J 
2000 u 
2000 u 
360 JB 
400 U 
400 u 
2000 u 
1400 
400 

1600 -- 
400 u 
m u  
520 
120 J 
530 
400 u 
880 
880 
560 
560 
400 U 
680 

80 J 

1300 



RFU Batch ID: 8608-046-002 
Customer ID: SED0708860 

Matrix: So i l  

Units: UG/KG 
Lab PA Code: C 

Dilution Factor: 40 
..................................................... 
Surrogate Recovery 

8608-046-003 
SED0808860 
Soi 1 
UG/KG 
C 
38 

8608-046-004 8608-047-001 
SED0008860 
Soi 1 Soi 1 
UG/KG UG/KG 
C C 
21 21 

SED1 108860 

...................................... 

59 x 
51 X 
63 X 
48 X 
7 2 %  
48 x 

57 x 
46 X 
63 X 
24 X 
36 X 
24 X 

57 x 
44 x 
7 2 %  
42 X 
7 2 %  
45 x 

........................... 

65 X 
52 X 
8 8 %  
57 x 
79% 
54 x 

............ 

2-Fluorophenol: 
Phenol-d5: 

2,4,6-Br3-Phenol: 
Nitrobenzene-d5: 
2-Fluorobiphenyl: 
p-lerphenyl-dl4: ......... 

Ana L ytes 

............... 

400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
2000 u 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
2000 u 
400 U 
2000 u 
400 U 

380 u 
380 u 
380 u 
3 8 o u  
38ou 
38ou 
m u  
38ou 
380 U 
380 U 
380 u 
38ou 
380 u 
380 u 
380 u 
380 u 
1900 u 
38ou 
38ou 
380 u 
380 u 
380 u 
380 u 
380 u 
380 u 
380 U 
380 u 
1900 U 
380 u 
1900 u 
380 U 

210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
1000 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
1000 u 
210 u 

1000 u 
210 u 

210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u- 
210 u 
210 u 
210 u 
210 u 
1000 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
1000 u 
210 u 
1000 u 
210 u 

Phenol ............................. 
bis(2-Chloroethyl)Ether............ 

2-Chlorophenol.. ................... 
1,3-Dichlorobenz em................ 
1,4-Dichlorobenze ne................ 
Benzyl Alcohol ..................... 
1,2-Dichlorokoz em................ 
2-Methylphenol ..................... 
bis(2-ChloroisopropyL)Ether........ 
6-Methylphenot ..................... 
N-N:':roso-di-n-propyLamine......... 
Hexachloroetha ne................... 
Nitrobenz em....................... 

2-Ni trophenol. ..................... 
2.4-Dimethylphmol ................. 
Benzoic Acid ....................... 
bis(2-Chloroethoxy)Methane......... 
2.4-Dichlorophenol ................. 
1,2,4-Trichlorobenzem ............. 
Naphtha1 .......................... 
4-Chloroanili ne. . . . . . . . . . . . . . . . . . . .  
Hexachlororbutadi m e . . . . . . . . . . . . . . .  
4-Chloro-3-methylphenol ............ 
2-Methylnaphthale ne................ 
Hexachlorocyciopentadiene .......... 
2,4,6-Trichlorophenol.. ............ 
2,4,5 . Tr i chlorophenol.. ............ 
2-Chloronaphthale ne................ 
2-Nitroaniline ..................... 
Dimethyl Phthalate.. ............... 

. Isophor om...... . . . . . . . . . . . . . . . . . . .  

a- 



UESTON ANALYTICS 
GC/MS DATA SUMMARY 

Semivolatile HAZARDOUS SUBSTANCE LIST COMPOUNDS . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RFU Batch Ntmkr: Client: ROCKUELL (ROCKY FLATS) Page: 4 

Sample Information 

........................................................................................................................... 

_ _  
Ana lyres 

RFU Batch ID: 8608-046-002 8608-046-003 

Customer ID: SED0708860 SED0808860 

Matrix: Soil Soi 1 

Units: UG/KG UG/KG 
Lab OA Code: C C 

Dilution Factor: 40 38 
........................................................................ 

Acenaphthyle ne. . . . . . . . . . . . . . . . . . . . .  
3-Nitroaniline ..................... 
Acenaphth ......................... 
2,4-Dinitrophenol .................. 
4-Nitrophenol ...................... 
Dibenzofuran ....................... 
2,4-Dinitrotolu me... . . . . . . . . . . . . . .  
2.6-Dinitrotol wne.. . . . . . . . . . . . . . . .  

Diethylphthalate ................... 
4-Chlorophenyl-phenylether ......... 
Flwre ne........................... 
4-Nitromiti ne..................... 
4,6-Dinitro-2-methylphenol......... 

4-Bromophenyl -phenylether.. ........ 
Hexachlorobenz me.................. 
Pentachlorophenol.. ................ 
Phenanthrene ....................... 
Anthrace ne. . . . . . . . . . . . . . . . . . . . . . . . .  
di-n-lutyt Phthalate... ............ 
Fluoranth em... . . . . . . . . . . . . . . . . . . . .  
Pyre-....... ...................... . Butyl Benzyl Phthalate...... ....... 
3,3'-Dichlorobenzidi ne.............  
Eenzo(a)Anthrscem. ................ 
bis(2-Ethylhexy1)PhthaLate.. ....... 
Chryse ne........................... 
di-n-0ctyl Phthalate..... .......... 
Benzo(b)Fluoranth em............... 
Bento(k)Flwranth cne............... 
Benzo(a1Pyre ne..................... 

Dibenz(a,h)Anthracene .............. 
Eenzo(g,h,i)Perylene ............... 

N-Nitrosodiphenylmine ............. 

I 

Indeno(l,2,3-cd)Pyrene ............. 

400 U 
2000 u 
400 U 
2000 u 
2000 u 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
2000 u 
2000 u 
240 JB 
400 U 
400 U 
320 J 
400 U 
400 U 
400 U 
400 U 
400 U 
400 u 
800 U 
400 u 
200 J 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 
400 U 

380 u 
1900 U 
380 u 
1900 U 
1900 u 
380 U 
380 u 
380 u 
38ou 
380 U 
3 8 o u  
1900 u 
1900 u 
300 J 8  
380 u 
38ou 
1900 u 
m u  

8 0 J  
3 8 o u  
3 8 o u  
38ou 
38ou 
760 u 
380 u 
170 J 
380 u 
38ou 
m u  
38ou 
380 u 
380 u 
380 U 
380 U 

8608-046-004 
SED0908860 
Soi 1 
UWKG 
C 
21 

210 u 
1000 u 
210 u 
1000 u 
1000 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
1000 u 
1000 u 
2000 B 
210 u 
210 u 
1000 u 
210 u 
210 u 

6 0 J  
210 u 
210 u 
210 u 
420 u 
210 u 
170 J 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 

8608-047-001 
SED1108860 
Soi 1 
UG/KG 
C 
21 

.................. 

210 u 
1000 u 
210 u 
1000 u 
1000 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
1000 u 
1000 u 
170 JB 
210 u 
210 u 
1000 u 
210 u 
210 u 
40 J 

210 u 
210 u 
420 U 
210 u 
40 J 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 
210 u 

210 u-- 



RFU Batch ID: 
Customer ID: 

Matrix: 
Units: 

Lab PA code: 
Dilution Factor: 

Surrogate Recovery 

.. 

8608-047-002 
SED1208860 
Soi 1 
UG/ KG 
C 
27 

................... 

8608-047-003 
SED1 208861 
Soi 1 
U W K G  
C 
25 

----.-.--..-.---- 

2-Fluorophenol: 
Phml-d5: 

2,4,6-Br3-Phenol: 
N i t robenzene-d5 : 
2-Fluorobiphenyl: 
p-Terphenyl-d14: 

........................... 

0 Phenol. ............................ 
bis(2-Ch1oroethyl)Ether ............ 
2-Chlor@enol ..................... 
1,3-Dichlorobenzcm ................ 
1,4-Dichlorobenz em................ 
Benzyl Alcohol ..................... 
2-HethylphenoL ..................... 
bis(2-Chloroisoprcpyl)Ether........ 
4-nethylphenol ..................... 
N- Mi troso-di -n-propyhmine.. ....... 
Hexachloroetha ne.......... . . . . . . . . .  
Nitrobenzene ....................... 
Isophor ........................... 
2-Mitrofhenol ...................... 

4- 2,4-Dimethylphenol ................. 
Benzoic Acid ....................... 
bi s(2-~hloroethoxy)Methane.. ....... 

1,2-Dichloroknzcna. ............... 

1 

2,4-Dichlorophcnol ................. 
1,2,4-Trichlorobenz me............. 
Naphthale ne........................ 
4-Chloroanili ne. . . . . . . . . . . . . . . . . . . .  
Hexach lororbutadiene.. ............. 
4-Chloro-3-methylphenol- ........... 
2-Methylnaphthalene ................ 
Hexach lorocyclopentadi ere.. ........ 
2,4,6-Trichlorophenol .............. 
2,4,5 . T r i ch 1 orophenol .............. 
2-Chloronaphthalene ................ 
2-Witroanili ne. . . . . . . . . . . . . . . . . . . . .  
Dimethyl Phthalate. ................ 

0 

44 x 54 x 
37 x 4 6 X  
64% 54 x 
37 x 53 x 
56 X 63% 
50 x 4 6 %  

.................................. 

270 u 
270 U 
270 U 
270 U 
270 u 
270 u 
270 u 
270 U 
270 U 
270 U 
270 u 
270 u 
270 u 
270 u 
270 u 
270 u 
1400 U 
270 u 
270 u 
270 u 
270 u 
270 u 
270 U 
270 U 
270 U 
270 U 
270 U 
1400 U 
270 u 
1400 U 
270 U 

250 U 
250 U 
250 U 
250 u 
250 u 
250 u 
250 u 
250 u 
250 U 
250 U 
250 U 
250 U 
250 u 
250 U 
250 U 
250 U 
1200 u 
250 u 
250 U 
250 u 
250 U 
250 u 
250 U 
250 u 
250 u 
250 U 
250 U 
1200 u 
250 U 
1200 u 
250 U 

8608-047-004 8608-047-005 
SED1308860 SED0208860 
Soi 1 soi 1 
UG/KG UG/KG 
C C 

46 20 
..................................... 

28 x 
34 x 
7 8 %  
24 X 
54 x 
55 x 

....................... 

4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  
46ou 
4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  

2300 u 
4 6 o u  
4 6 o u  
4 6 o u  
4 6 0 0  
4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  
460 u 
4 6 o u  

2300 u 
4 6 o u  

2300 u 
4 6 o u  

116 X 
101 x 
149 X 
53 x 
66% 
54 x 

......... 

200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u- 
200 u 
200 u 
200 u 
200 u 
lo00 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
1000 u 
200 u 
1000 u 
200 u 



RFU Batch ID: 8608-047-002 8608- 047-003 

Customer ID: SED1208860 SED1208861 
Watrix: Soil Soi 1 

Units: UG/KG UGfKG 

Lab QA Code: C C 
Dilution Factor: 27 25 
............................................................ 

Acenaphthyl ere......... . . . . . . . . . . . .  
3-Nitroanili ne..................... 
Acenaphth em....................... 
2.4-Dinitr~en01 .................. 
4-Nitrophenol ...................... 
Dibenzofuran ....................... 
2.4-Dini trotoluene.. ............... 
2.6-Dinitrotol wm... . . . . . . . . . . . . . .  
Diethylphthalate .............. 0 4.Chloro(lhmyl-ph~lether.... 
Flwrem.. .................... 
4-Nitroaniline ................ 
4,6-Dinitro-2-mcthylph~l.... 
N-N i trosodi phenylwi ne.. ...... 
4-Bromophmyl-phmylether ..... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 
HexachLoroknzm .................. 
Pentachlorophenol .................. 
Phenanthr em....................... 
Anthrac em......................... 
di -n-Butyl Phthalate.. ............. 
Flwranthm ....................... 
Pyr ere............................. 
Butyl Bmzyl Phthalate..... ........ 
3.3i-Dichloroknridine ............. 

r' Bcnzo(a)AnthrM ~................. 
bis(2-Ethylhcxyl)Phthalate......... 
Chrys enc........................... 
di-n-0ctyl Phthalate ............... 
Bcnro(b)Flwr~th cnc............... 
Bcnzo(k)Fluoranth me............... 
Benzo(a)Pyrm ..................... 
Indeno(1,2,3-cd)~yr em............. 
Dibenz(a,h)Anthracene. ............. 
Benzo(g,h,i)Peryt ene............... 

.x 

270 U 
1400 U 
270 U 
1400 U 
1400 U 
270 U 
270 u 
270 U 
270 u 
270 u 
270 U 
1400 U 
1400 U 
240 JB 
270 u 
270 u 
1400 U 
270 U 
270 u 
50 J 
50 J 
50 J 

540 U 
270 u 
160 J 
270 u 
270 u 
270 u 
270 u 
270 u 
270 u 
270 u 
270 U 

270 u 

-- - 
250 U 
1200 u 
250 U 
1200 u 
1200 u 
250 u 
250 u 
250 u 
250 u 
250 u 
250 u 
1200 u 
1200 u 
180 JE 
250 U 
250 u 

1200 u 
250 U 
250 U 
250 U 
20 J 
250 u 
250 u 
500 U 
250 u 
150 J 
250 u 
250 u 
250 u 
250 U 
250 U 
250 U 
250 U 
250 U 

4 6 o u  
2300 u 
4 6 o u  
2300 u 
2300 u 
4 6 o u  
4 6 o u  
m u  
46ou 
4 6 o u  
4 6 o u  
2300 u 
2300 u 
370 JB 
m u  
4 6 o u  
2300 u 
4 6 o u  
m u  
W J  
4 6 o u  
4 6 o u  
4 6 o u  
920 U 
46ou 
180 J 
4 6 o u  
460 u 
4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  
4 6 o u  
46ou 

8608-047-005 
SED0208860 
Soi I 
UG/KG 
C 
20 ............... 

200 u 
I000 u 
200 u 
1000 u 
1000 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
1000 u 
lo00 u 

180 JB 
200 u 
200 u 
1000 u 
200 u 
200 u 

6 0 J  
200 u -  
200 u 
200 u 
400 u 
m u  
100 J 
200 u 
200 u 
200 u 
m u  
200 u 
200 u 
too u 
too u 



R F U  Batch ID: 8608-047-008 86(38-047-017 BL 8608-047-018 

Customer IO: SED0108861 BLANK SED0108860 

Matrix: Soil Water Soi 1 

Units: UG/KG UG/L UG/KG 
Lab PA Code: C B C 

Dilution Factor: 38 1 37 
....................................................................................................... 
Surrogate Recovery 

2-F lwrophenol: 
Phenol -dS: 

2,4,6-Br3-Phmol: 
N i t robenzene-d5 : 
2-Flwrobiphenyl : 
p-Terphenyl -d14: 

............................... .... 
A M  1 yt es 

0 Phenol... .......................... 
bi s(2- Ch loroethyl )Ether.. .......... 
2- Chlorophenol ..................... 
1,3-D ich lorobenzem.. .............. 
1,4-Dichlorobenzcn. ............... 
Benzyl Alcohol ..................... 
1,2-Dichlorobcnzem ................ 
2-Methylphenol.. ................... 
bis(2-Chloroisoprcpyl)Ether.... .... 
4-Methylphenol ..................... 
N-Nitroso-di-n-propylwinc......... 
Hcxwhloroethsnc. 
Nitrobenz ene..... 
Isophorone. ...... 
2-Ni trophenol.. .. 
2.4-Dimthylphw 

: 
r' 

80 % 
70 % 
138 % 
62 % 
102 % 
86% 

.................. 

380 u 
380 U 
380 u 
380 u 
mu 
380 U 
38ou 
m u  
380 u 
380 u 
380 u 

................. 380 u 

................. m u  

................. 38ou 

................. 380 U 

................. 380 u 
Benzoic Acid ....................... 
bis(2-Chlorocthoxy)Methan.. ....... 
2,4-Dichlorophanal.. ............... 
1,2,4-Trichloroknrm ............. 
Naphthalene ........................ 
4-Chloroanili ne.................... 
Hexachlororbut diene.... ........... 
4-Chloro-3-methylphenol ............ 
2 -Methyl naph tha 1 em.. .............. 
Hexachlorocyclopentdie ne... . . . . . . .  
2,4,6-Trichlorophenol .............. 
2,4,5-Trichlorophenol .............. 
2-Chloronephthal em.......... . . . . . .  
2-N i troani k i ne.. ................... 
Dimethyl Phthalate ................. 

e 

1900 u 
380 u 
380 u 
380 u 
380 u 

380 u 
380 U 
380 u 
mu 
380 u 
1900 u 
380 u 
1900 u 
380 u 

380 u 

31 % 
14 % 
46% 
18 % 
34 % 
44% 

----.-.-.-I.-..- .... 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
10 u 
50 U 
10 u 

8608-074-001 
SED0308860 
Soi 1 
UG/KG 

38 ................ 

71 X 24 % 
62 % 21 % 
79% 32 % 
66% 26% 
86% 36% 
76 X 24 % 

......................................... 

370 u 
370 u 
370 u 
370 U 
370 u 
370 u 
370 u 
370 u 
370 U 
370 u 
370 u 
370 u 
370 u 

370 U 
370 u 

370 u 

1800 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
1800 u 
370 u 
1800 u 
370 U 

390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 U 
390 u 
390 u 
390 u- 
390 u 
390 u 
390 u 
390 u 
2000 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
2000 u 
390 u 
2000 u 
390 u 

/ 



WESTON ANALYTICS 
CC/MS DATA SUMMARY 

Semivolatile HAZARDOUS SUBSTANCE LIST COMPOUNDS . ---- ........................................................................................................................... 

RFU Batch Nurkr: Client: ROCWELL (ROCKY FLATS) Page: 8 

Sample Informetion 

........................................................................................................................... 

8608-074-001 RFU Batch ID: 8608-047-008 8608-047-017 EL 8608- 047- 01 8 
Customer IO: SED0108861 BLANK SED0108860 SED0308860 

Matrix: Soil Uater Soi 1 Soi 1 

Units: UWKG UG/L UWKC UG/KG 

Lab PA Code: c B C C 
Dilution Factor: 38 1 37 38 

........................................................................................................................... 
Ana L ytes 

Acenaphthyl ene. . . . . . . . . . . . . . . . . . . . .  
3-Nitroanili ne..... . . . . . . . . . . . . . . . .  
AceMphth ......................... 

4-Nitrophenol ...................... 
2,4-Dinitrotol ucnc................. 
2,b-Dinitrotol woc.. . . . . . . . . . . . . . . .  
Diethylphthatatc.. ................. 
Fluore ne........................... 
4-Nitroaniti ne..................... 
4,6-Dinitro-2-methylphenol ......... 
N-Nitroscdiphenylami ne............. 

Hexachlorobenz .................... 
Pentechlorophml .................. 
Phenanthr ......................... 
Anthrace ne. . . . . . . . . . . . . . . . . . . . . . . . .  
di-n-6utyl Phthalate.... ........... 
Fluoranrh . . . . . . . . . . . . . . . . . . . . . . . . .  
Pyr em... . . . . . . . . . . . . . . . . . . . . . . . . . .  

' 3,3'-Dichloroknzidine.. ........... 
Emzo(a)Anthrae em................. 
bis(2-Ethylhexy1)Phthalatc ......... 
Chryse ne.. . . . . . . . . . . . . . . . . . . . . . . . . .  
di-n-0ctyl Phthalate............... 
Eenzo(b)Fluoranth mc.......... . . . . .  
Eenzo(k)Fluoranth em............... 
Benzo(a)Pyre ne.....................  
Indeno(l,2.3-cd)Pyr em............. 
Dibenz(e, h)Anthracene.. ............ 
Eenzo(g,h,i)Peryle ne............... 

2,4-Dinitrophmol .................. 
Dibenzofuran ....................... 

4-Chlorophenyl-phenylether.. ....... 8 

4-Eramophenyl-phenylether .......... 

Butyl Benzyl Phthalate ............. 
r' 

380 U 
1900 u 
380 u 

1900 u 
1900 u 
38ou 
380 u 
38ou 
38ou 
38ou 
38ou 
1900 U 
1900 u 
9 9 0 6  
380 u 
38ou 
1900 u 
380 u 
380 u 

76 8 
38ou 
38ou 
38ou 
760 u 
38ou 
340 J 
38ou 
38ou 
38ou 
3 8 o u  
380 U 
380 u 
38ou 
380 U 

10 U 
50 U 
10 u 
50 U 
50 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 U 
50 u 
68 
10 u 
10 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
20 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

370 u 
1800 u 
370 u 
1800 U 
1800 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
lsoo u 
1800 u 
260 JB 
370 u 
370 u 

1800 u 
370 u 
370 u 
370 u 

370 u 
370 u 
740 u 
370 u 

370 U 

370 u 
370 u 
370 u 
370 u 
370 U 
370 u 

370 u 

1000 

370 u 

390 u 
2000 u 
390 u 
2000 u 
2000 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
2000 u 
2000 u 
1100 B 
390 u 
390 u 
2000 u 
390 u 
390 u 
390 E 
390 u-=- 
390 u 
390 u 
m u  
390 u 
190 JE 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 



.................. 
Surrogate Recovery 

RFU Batch ID: 
Customer ID: 

Matrix: 
Units: 

Lab PA Code: 
Dilution Factor: 

.... 

2-Fluorophenol: 

2,4,6-Br3-Phenol: 
Nit roknzem-dS: 
2-Flwrobiphenyl: 
p- Ter#tenyl -d14: 

Pheno L -d5 : 

.................................. 
AnaLyteo 

Phenol ............................. 
bioC2-Chloroethy1)Ether ............ 
2-chlorophenol ..................... 
1,3-Dichloroknz me. . . . . . . . . . . . . . . .  
1,4-Dichlorobenz cnc................ 
Benzyl Alcohol ..................... 
1,Z-DichLoroknzm ................ 
2-Hethylphenol ..................... 
bis(Z-Chloroisoprwl)Ether........ 
4-Methylphenol ..................... 
N-Nitroso-di-n-propyLaminc......... 
Hexachloroetha ne.. . . . . . . . . . . . . . . . . .  
Nitrobenz ene....................... 
Isophor one.........................  
2-Nitrophenol ...................... 

I 2.4-DimethyLphcooL. ................ 
Benzoic Acid ....................... 
bis(2-Ch1oroethoxy)Metham.. ....... 
2,4-Dichlorophenol ................. 
1,2,4-Trichlorobenzm ............. 
Naphtha1 em........................ 
4- Ch loroani L i ne.. .................. 
Hexachlororbutedi e............... 
4-Chloro-3-methylphenol ............ 
2-Methylnaphthel em................ 
Hexach 1 orocyc lopentadi em. ......... 
2,4,5-Trichlorophenol .............. 
2-thloronaphthal em................ 
2-Nitroaniline ..................... 
Dimethyl Phthalate ................. 

2,4,6-Trichlorophenol .............. 

8608-074-002 
SED1 408860 
Soi 1 
UG/KC 
C 
36 

26 X 
23% 
28 X 
28 x 
40 x 
22 x .-..-.----.-- 

m u  
360 u 
m u  
M O U  
M O U  
360 u 
360 u 
360 u 
360 u 
360 u 
360 u 
m u  
M O U  
3 a u  
360 u 
M O U  
1800 u 
M O U  
M O U  
m u  
m u  
m u  
360 u 
M O U  
360 u 
360 u 
m u  
1800 u 
360 u 
1800 u 
360 u 

8608-074 - 003 
SED1408861 
Soi 1 
UG/KG 
C 
37 

8608- 074-008 8608-074-010 BL 
s E ~ i o o w a  BLANK 
Soi 1 Soi 1 
UG/KG UG/KG 
C B 
40 70 

............................................. 

47 x 
42 x 
53 x 

62 X 
40 x 

4a x 

370 u 
370 u 
370 u 
370 U 

370 Lc 

370 U 
370 u 
370 u 
37a u 
370 u 
370 u 
370 u 

370 u 

370 u 

370 u 
370 u 

1800 u 
370 u 
370 u 
370 u 
370 u 
370 u 

370 u 
370 u 
370 u 
370 u 

370 u 

1800 u 
370 U 
1800 u 
370 u 

27 X 24 X 
33 x 22 x 
36% 26 X 
20 x 24 x 
36% 36% 
36% 28 X 

.......................................... 

4 o o u  
400 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 u 
4 o o u  
400 u 
4 o o u  
4oou 
400 u 
400 u 
400 u 
400 u 
2000 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 U 
400 u 
2000 u 
400 u 
2000 u 
400 U 

700 u 
700 U 
700 u 
n o  u 
n o  u 

n o  u 
n o  u 

n o  u 
n o  u-- 

n o  u 
n o  u 

n o  u 

no u 
n o  u 

n o  u 

n o  u 

700 U 

700 U 
700 u 

700 U 

m u  
3500 U 

m u  

700 U 
700 U 

700 u 
700 u 

3500 U 
700 U 
3500 U 
700 U 



8608-074-010 BL RFY Batch ID: 8608-074-002 8608- 074-003 8608-074-008 
Customer ID:  SED1408860 SED 1408861 SED1008860 BLANK 

Matrix: Soil Soi 1 Soi 1 Soi L 
Units: UGIKG UG/KG UGIKG UGIKG 

Lab PA Code: C C C B 
Dilution Factor: 36 37 40 70 

........................................................................................................................... 
Ana 1 ytes 

Acenaphthylm ..................... 
3-~itroanili ....................... 
Acenaphth em....................... 
2,G-Dinitr~enol .................. 
4 . N i t ro&eno 1 ...................... 
Dibenrofuran.. ..................... 
2,G-Dini trotoluene ................. 
2,6-Dinitrotoluen ................. 
Diethylphthalate ................... 
4-ck lorghenyl-phenylether.. ....... 
Fluor en................-.......... 
L-Witroani line ..................... 
4,6-Dinitro-2-mthylphrol......... 
I-Nitrosodipheny~mina... .......... 
Hexschlorokntme.. ................ 
Pentachloro@wnol .................. 
Phenanthr en....................... 
Anthrac ............................ 
di-n-Butyl Phthalate... ............ 
Fluoranth ......................... 
Pyre .............................. 
Butyl Benzyl Phthalate............. 

. 3,31-DichLorobauidim............. 

Benzo(a)AnthrcK~................. 
bis(2-EthyLhexy1)Phthalatc.. ....... 
Ch rysen........................... 
di-n-Octyl Phthalate............... 
Benzo(b)Flwranthm. .............. 
Benro(k)Fluoranthena. .............. 
Bento(a)Pyr em..................... 
Indeno(l,2,3-cd)Pyrme ............. 
Dibenz(a,h)Anthrac me.............. 
Benzo(g,h,i)Peryl ene.. . . . . . . . . . . . . .  

4-BranophmyL-Fhenylether .......... 

, 
J 

360 u 
1800 U 
360 u 
1800 u 
1800 u 
M o u  
M o u  
m u  
M o u  
3 6 o u  
M o u  
1800 u 
1800 u 
1300 B 
360 u 
M o u  
1800 u 
M o u  
M o u  
180 JB 
3 6 o u  
m u  
M o u  
720 u 
M o u  
220 JB 
3 6 o u  
360 u 
M o u  
360 u 
360 u 
360 u 
360 U 
360 u 

- 
370 U 

370 U 

1800 u 
1800 u 
370 u 
370 u 
370 u 
m u  
370 u 
370 u 
lB00 u 
1800 u 
630 B 
370 u 
370 u 
la00 u 
370 u 
370 u 
700 JB 
370 u 
370 u 
370 u 
740 U 
m u  
220 JB 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 

u 
400 U 
2000 u 
400 u 
2000 u 
2000 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 U 
2000 u 
2000 u 
440 B 
400 u 
400 u 
2000 u 
400 u 
400 U 
240 JB 
400 u 
m u  
400 u 
800 u 
400 U 
400 U 
400 U 
400 u 
400 u 
400 U 
400 u 
400 u 
400 u 
400 u 

no u 
3500 U 
700 U 
3500 U 
3500 U 
700 u 
mu 
700 u 
m u  
m u  
700 u 
3500 u 
3500 U 
1400 
m u  
m u  
3500 u 
700 u 
mu 
210 J 
700 u -- 
700 u 
m u  
1400 U 
m u  
140 J 
m u  

m u  
mu 

no u 

no u 
no u 
700 u 
700 u 



Sample Information 

RFU Batch ID: 
Custaner ID: 

Matrix: 
Units: 

Lab QA Code: 
Dilution Factor: 

.................................... 
Surrogate Recovery 

8608-074-020 BL 
BLANK 
Water 
UG/L 
B 
1 

...................... . e - - .  
.... 

2-Fluorophenol: 41 X 
Phenol -dS: 33 X 

2,4,6-Br3-Phenol: 34 X 
Nitrobenzene-dS: 32 X 
2-Fluorobiphewl: 38 X . .  
p-Terphenyl-dl4: 38% 

........................................................................................................................... 
Anatytes 

Phenol.................... ......... 
bis(2-Ch loroethyl Ether.. .......... 
2-Chlorophenol ..................... 
1,3-Dichlorobenzene. ............... 
1,4-Dichloroknzene.. .............. 
Benzyl Alcahot..................... 
1,Z-Dichlorobenz em................ 
2-Methylphenol ..................... 
bis(2-Chloroisopr~l)Ether ........ 
4-Hethylphenol ..................... 
N-Nitroso-di-n-proWlami nc......... 
Hexachloroethane ................... 
Nitrobenzene.................. ..... 
Isophor one......................... 

r' 2,4~Dimcthylphenol. ................ 
Benzoic Acid....................... 
bis(2-Chlorocthoxy)Mctha ne......... 
2,4-Dichlorophenol. ................ 
1,2,4-Trichloroknz em............. 
Naphthalene ........................ 
4-Chloroanili ne.................... 
Hexachlororkrtadiene....... ........ 

2 2-Nitr~enol ...................... 

4-Chloro-3-methylphenol.. .......... 
2 -Methylnaphthalene.. .............. 
Hexach 1 orocyciopentadi ene. ......... 
2,4,6-Trichloropheno1 .............. 
2,4,5-Trichlorophenol .............. 
2-Chloronaphthale ne................ 
2-Nitroaniline.. ................... 
Dimethyl Phthalate ................. 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
10 u 
50 u 
10 u 

c 



RFU Batch ID: 
Customer IO: 

Matrix: 
Units: 

Lab PA Code: 
Dilution Factor: 
--..---.-*--.---- 

Acenaphthyl en.. ................... 
3-Nitroaniti ne..................... 
Acenaphthe ne....................... 
2,4-Dinitrophenol .................. 
4-Nitrophenol ...................... 
0 i benzof uran.. ..................... 
2,b-Dini trotolueoe.. ............... 
2,6-Dini trotoluene ................. 
Diethyl phtha late.. ................. 
Fluorene................ ........... 
4- I( i t roani L i ne.. ................... 
4,6-Dinitro-2-mthylphmol ......... 
N-Nitrosodiphcyl#ni na............. 
4-Br-enyl -phenylcther.. ........ 
Hcxachlorobcozm.. ................ 
Phenanthrene....................... 
Anthracene............... .......... 
di-n-Butyl Phthalate... ............ 
Flwranthene....................... 
Pyrcne............................. 
Butyl Benzyl Phthalate............. 
3,3'-Dichloroknzidi nc.............  
Benzo(a)Anthrwmc................. 
bis(2-Ethylhexy1)Phthrletc ......... 
Chrysene.. ......................... 
di-n-Octyl Phthalate............... 
Bcnzo(b)Fluorsnthene...... ......... 
Benzo(k)FLuormthene.... ........... 
Benzo(a)Pyr ....................... 
Indeno(l,2,3-cd)Pyr em............. 
Oibenz(a,h)Anthrac ene.............. 
Benzo(g,h,i)Per/lene ............... 

4-Ch Lorephenyl -phenylethcr.. ....... 

Pentachlorephenol .................. 

r' 

8608-074-020 Bt 
BLANK 
Uater 
UG/L 
B 
1 

................. 

l o  u 
50 u 
10 u 
50 U 
50 u 
10 u 
10 u 
10 u 
10 u 
I O  u 
10 u 
50 u 
SO u 
1s 
10 u 
10 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
20 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

..... ........................ .... ........ ........ 

c 

I 



? 

r’ 



02/23/89 

RFU Batch ID: 8608-012-003 
Customer ID: SED1508860 

Matrix: Soil 
.......................................................................................................................... 
Inorganics 

Total Dissolved Solids... .......... NA 
Chloride.... ....................... 1.6 w/kg 

Nitrate-Nitrite as  N............... 20 U mg/kg 

Sulfate.... 17 w/kg 

C03= as CaC03. .................... NR 

........................ 
HC03- as CaC03. ..................... NR 

U = Analyzed, not detected. J = Present below detectian limit. B = Present in blank. X = Percent recovery. 
NS = Not Spiked. NR = Analyte not reported. = Holding time not met N = Batch spike not in 80-120% range. 



UESTON ANALYTICS 
METALS - TOTAL 

Client: ROCKUELL (ROCKY FLATS) Page: 1 
.......................................................................................................................... 
Salrple Information . 

RFU Batch I D :  8608-012-002 
C u s t m r  I D :  SED1508860 

Matrix: Soil 
Units: MG/KG 

.......................................................................................................................... 
Metals 

Silver (Ag), total. ......... 
Aluninun (At), total .......... 
Arsenic (As), total.. ........ 
Bariun (Ea), total .......... 
Berylliun (Be), total.. ........ 
Calciun (Ca), total.. ........ 
Cadniun (Cd), total.. ........ 
cobalt (co), total. ......... 
Chrmiun (Cr), total.. ........ 
Cesium (Cs), total .......... 
Copper (Cu), total .......... 
Mercury (Hg), total .......... 
Potassium (K 1, total...... .... 
Lithiun (Li), total. ......... 
Manganese (Mn), total .......... 
HoLyMenuMMo), total .......... 
Nickel (Nil, total .......... 
Antimony (Sb), total. ......... 
Selenium (Se), total.. ........ 
Strontiun (Sr), total. ......... 
Thallium (TI), total..... ..... 
Vanadiun (V 1, total.... ...... 

. Zinc (Zn), total. ......... 

Iron (Fe), total.. ........ 

Magnesiun (Mg), total. 

0 
......... 

Sodiun (Na), total .......... 
Lead (Pb), total... ....... 

r' 

0.84 u 
1400 
0.33 

13 
2.5 
360 

0.42 U 
4.2 U 

2.0 
8.3 U 

1.7 U 
3700 
0.099 

330 
NR 

300 
36 
40 
43 

8.2 
3.2 
5.0 

0.20 
1 .o 

0.17 U 
6.7 
8.1 

U = Analyzed, not detected. J = Present below detection limit. B = Present in blank. % = Percent recovery. 
NS = Not Spiked. NR = Analyte not reported. * = Holding time not met N = Batch spike not in 80-120% range. 


